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ABSTRACT
The Fox Hills Formation (Maestrichtian, Upper Cretaceous) in
North Dakota contains a gastropod fauna of thirty-seven species.
species,

Five

loganensis n. sp., Piestochilus feldmanni n. sp.,

Hercorhyncus (Hercorhyncus) hollandi n. sp.,

described.

cvancarai n. sp.,

Twenty-four genera in eighteen families representing four

orders and two subclasses of Gastropoda are present.

Eleven species

in a like number of genera are newly reported from the Fox Hills Formation.

Goniocylichna bisculnturata and

rectilabrum occur

in common with the gastropod fauna of the Ripley Formation of the
Mississippi Embayment, which has the closest compositional affinity
with the Fox Hills fauna of North Dakota.
In North Dakota, examination of the geographic distribution
of Fox Hills genera indicates a blending of faunal elements from two
sources.

Genera such as Hercorhyncus, Goniocylichna, Amuletum,

Remera, Cancellaria

and

Semitriton, Pyropsis,

Neritina are prevalent in Gulf Coast and Mississippi Embayment faunas
and represent a strong migrational influence from the southern midcontinent.

A less prominent, but well established, portion of the

fauna including

and Serrifusus has close relatives among

Pacific Coast and western Canadian faunas.

The ranges of these

groups overlap in the northern Western Interior where their

zoogeographic distribution was probably at least partially controlled
by their respective limits of tolerance of water temperatures.
Four members and five major lithofacies resulted from depo5~tion in a nearshore, deltaic and lagoonal complex.

The gastropod

fauna is compatible with data on the bivalve fauna compiled by other
workers which indicate a range of water depth of zero to eighty
fathoms for Fox Hills sedimentation.

If modern analogues of glau-

conite formation and wave activity are valid, depths must have been
at least sixteen fathoms over much of the area.

Water temperatures

of fifteen degrees Celsius occurred, and the Fox Hills sea is
thought to have become periodically thermaily stratified over large,
restricted areas.

Interpretation of sedimentary regimes indicates

that massive storms of hurricane intensity occasionally destroyed
the thermoclines, scoured large portions of the nearshore sedimentary complex, and redeposited some of the material farther inshore
where it was subsequently reworked into barrier bars and spits.
These storm deposits contain the most fossiliferous units of the
Fox Hills Formation.

An unnamed stratigraphic unit, probably of

member rank, representing a minor marine transgression, or a major
storm, late in the history of Fox Hills sedimentation deposited a
blanket sandstone that frequently contains a re-worked, estuarine,
Crassostrea-Dakotia faunal complex.

This sandstone or correlative

units, covered a wide area which probably included some terrestrial
environments represented by sediments presently found in the Hell
Creek Formation.

INTRODUCTION
Purpose and definition of problem.--As I write this it was
exactly ninety-five years ago that F. V. Hayden transmitted, on June 1,
1876, to the Secretary of the Interior for his approval a memoir by
F. B. Meek entitled
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A Report on the Invert.ebrate Cretaceous and Ter-

tiary Fossils of the Upper Missouri Country" with the following statement:
To the geologist who may hereafter study the various groups
of sedimentary strata over our widely-extended western domain,
this volume will prove indispensible. The different divisions
or groups of the Cretaceous and Tertiary ages, especially of tne
former, were originally established by the invertebrate remains
herein described, and it therefore forms the basis of our knowledge of two of the most important formations of the West (Meek,
1876, p. III).
Our acquaintance with the gastropod fauna of the Fox Hills Formation of
the "Upper Missouri Country" has. grown by the addition of only one
species since that time, nearly a century ago.

Only recently (Feldmann,

1967; Speden, 1970) has the bivalve fauna of the Fox Hills been reexamined and modernized.

The Cephalopoda have not been restudied.

If ever a work could be said to have inhibited research in a particular discipline, surely Meek's monograph did.

The fault, however, was

Lot in any error in truth, but rather in its greatness--its utter completeness.
territories!

The last had been written of the first explorations of ~he
What more needed to be done in the Dakotas?

And so the

wandering eye of the paleontological devotees turned from the northern
prairies of the Western Interior and began to roam southward where
1

2

unstudied faunas still remained.

Geology continued in the Dakotas but

much of it was mineral exp-loration, and that was primarily in strata
younger than the Fox Hills.
Thus it is that questions have begun to arise regarding Western
Interior molluscan faunas which cannot be answered with the antiquated
taxonomic and distributional data bequeathed to us by the paleontological
giants of the nineteenth century.

The questions pertain to faunal com-

position, diversity, ecology, and origin.
out first modernizing the taxonomy.

They cannot be resolved with-

Consider with these data the fact

that the gastropod fauna of the Fox Hills Formation in North Dakota
never has been considered in any detail (only four of Meek's species
probably were collected in North Dakota) and the problem becomes
plain--to redescribe the Fox Hills gastropod fauna according to
modern concepts of the class.
The need to solve it was at least partially voiced by Sohl
(1967b, p. 1) when he introduced a paper, outlining upper Cretaceous
Western Interior gastropod faunas, with several pertinent remarks such
as those which follow:
The number of described Cretaceous marine gastropods from
the Western Interior is especially small when compared to the
record presented for the coeval faunas of the Gulf Coastal
Plain. The Interior faunas are in fact less diverse but the
obvious paucity of species is more apparent than real because
of the lack of any concerted study of the group in this
area • . . .
Before one can coherently deal with the distributional patterns of _the Western Interior Upper Cretaceous Gastropoda it is
necessary to investigate exactly what is the nature of their
record in this sequence of rocks.
The research presented herein is a contribution toward the
illodernization of Fox Hills gastropod taxonomy, and their distribution
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in North Dakota.

Because this study is taxonomic, the stratigraphic and

paleoecologic summaries introducing it are to orient the reader and to
record any field observations that I made which might be useful to others.
Once the molluscan taxonomy of the Fox Hills Formation has been completely reviewed I would urge a biostratigraphic-sedimentologic study
of major proportions that would include strata which are sedimentary
facies of the Fox Hills Formation as well as those which may be stratigraphically removed but which share some fauna! aspect of the formation.
These are beyond the scope of this study.

As the wheel of progress turns

the study of molluscan paleontology of the northern Western Interior, has
come full cycle to the point that it may, for a while, be persued again.
That wheel is nearly 100 years in circumference; it would be a shame to
have to wait for the next revolution before all our questions are
answered.
Location.--The Fox Hills Formation is an important stratigraphic
unit in the Upper Cretaceous section of North and South Dakota.

The

type area along the Moreau and Grand Rivers in north-central South
Dakota has been studied in detail by Waage, who in 1968 described 274
localities throughout that portion of the state.

Most of these repre-

sent erosional exposures in badlands topography in which outcrops are
extensive and units are readily traced.
Northward from the type area, along the Missouri River drainage
into North Dakota, vegetational cover increases with a consequent
decrease in badlands topography and its extensive outcrop area.

Never-

theless, in southern Morton, Logan, Emmons, and Sioux counties, North
Dako~a, there are numerous scattered exposures representing various
=.embers of this formation.

This is the major area of Fox Hills outcrop

4
in the state.
p. 2) visited
state."

During his study of the bivalve fauna, Feldmann (1967,
II

virtually every known outcrop of that unit in the

The majority of Feldmann's outcrops were in this five-county

area shown in his figure 1 (p. 3).

He examined other areas of the

state as well.
My work, being a parallel to that of Feldmann, was also concentrated in these areas of major Fox Hills outcrop.

I re-examined most

of his locateable outcrops, particularly those which had produced fossil gastropods during Feldmann's collecting.
fossiliferous outcrops were newly discovered.

In addition, several very
This, in a few instances,

was due to filling of Oahe Reservoir which brought about road construction and some slumping of the shoreline; both activities yielded fresh
exposures.

The same rising water also covered some very promising and

some proven fossil. localities which will never again be collected, an
irreparable loss of historical record.
In addition to this major outcrop area I have briefly examined
outcrops in the type area in South Dakota, in the vicinity of Glendive,
Montana, along the Cedar Creek Anticline in Bowman County, and on Sibley Buttes in Kidder County.

An outcrop in Pierce County reported to

me by A. M. Cvancara (oral communication, 1970) has not yet been examined, but fossils and lithologic samples which he supplied are indicative of sandy facies of the Fox Hills Formation.
Northward from the area of major outcrop across the central part
of North Dakota, the formation is principally a subcrop beneath Tertiary
strata or Pleistocene and Holocene surficial deposits.

It is occasion-

ally documented on drillers logs, and an infrequent typical Fox Hills
concretion is reported from glacial deposits, thus documenting the
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existence of the formation in glaciated areas.

When geological inves-

tigations of the Turtle Mountains are completed, additional outcrops may
be found in that area.

The approximate map boundaries of the formation

in North Dakota as given by Carlson (1969) are presented in Figure 1.
A complete list of collecting localities that have yielded gastropods
for this study is given in Appendix A of this report.
Previous work.--Notes and research on rocks now considered part
of the Fox Hills Formation have been accumulating since the explorations
of Lewis and Clark more than a century and a half ago.

Recounting these

investigations would not be a difficult task but would in essence be
paraphrasing similar accounts of several recent workers.

Rather than

do this I take pleasure in referring to the _complete and absorbing
historical summary presented by Feldmann in 1967 (p. 5-25).
Rather than presenting this extensive account I will instead
summarize those major early works that are critical to our paleontological and stratigraphical understanding of the formation at present,
and I will give a detailed account of the score, or so, of related
publications that have appeared in the literature since Feldmann's
research was culminated.

Additional, older references will be cited

in the sections of this study to which they pertain.
The occurrence of the Fox Hills Formation was first quantitatively defined in the scientific literature as the result of exploracions by Drs. Fielding Bradford Meek and Frederick Vaniveer Hayden
(later to be United States Geologist of the U.S. Geological Survey)
at the direction of James Hall, State Geologist of New York.

In 1853

liall sent Meek and Hayden into the upper Missouri country principally
to collect vertebrate fossils from the Cretaceous and Tertiary strata
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of the area.

These explorers noted the stratigraphy and invertebrate

fossils in addition to making vertebrate collections.

The first strati-

graphic sections of the marine Upper Cretaceous section of North and
South Dakota were published as a result of these explorations (Hall and
Meek, 1856) and revised later (Meek and Hayden, 1857).

Rocks of the

Fox Hills Formation were termed unit "No. 51t of the series in these
studies.

These units were further refined and were named by Meek and

Hayden in 1861.
During the 1850's and early 1860's a series of publications by
the above named workers described a large portion of the invertebrate
fauna of the Pierre and Fox Hills Formations.

Evans and Shumard (1854,

1857) and Morton (1841, 1842) also contributed to studies of this large
fauna, but the works of Meek and Hayden were fundamental.

They were

summarized by Meek's monographic volume on invertebrate Cretaceous and
Tertiary fossils of the "Upper Missouri Country" in 1876.

White (1876,

· 1879a, b, 1883a) and later Stanton (1893, 1910, 1914, 1921) studied
fossils in this and related areas but their works were generally peripheral to those of Meek and Hayden in the type area of the formation.
Most major stratigraphic contributions were made after the turn
of the century when the extent of Fox Hills-like deposits in Montana,
Wyoming, and Colorado was realized.

Leonard (1904, 1906, 1908) dis-

cussed stratigraphy of the formation in North Dakota, but no major divisions were made.

Stanton (1910) gave information on regional extent and

the upper contact of the formation as related to the "Lance" problem.
The first geologic maps of the major Fox Hills outcrop area in
North Dakota were published by Leonard (1912) and Calvert, et al. (1914).
An earlier publication by Calvert (1912) was the first to describe rocks
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of the Colgate Member and to apply that name to them.
on the Cedar Creek Anticline and areas in Montana.

His work was done

There he felt the

members to be Tertiary rather than Cretaceous as we now know it.
Henderson in 1920(b) designated 100 to 150 feet of massive concretionary sandstone found in the base of the formation at Milliken Station in Weld County, Colorado as the Milliken Member.

His study was

thorough and included a listing of invertebrate fossils as well.

The

unit he described, however, does not persist into South or North Dakota.
No other major stratigraphic contributions were published from that time
until 1945 when Morgan and Petsch proposed the terms Trail City and Timber Lake, after areas in South Dakota, as members of the formation.
Fisher (1952) first used them in North Dakota when he mapped the geology
of Emmons County.
The last member to be defined in the literature prior to 1960
was the Bullhead Member, formerly referred to as the "banded bed~."
These are thin-bedded, brown and gray silts and clays which were first
mapped as "Bullhead" by Stevenson in 1956 when he produced the geologic
map of the Bullhead Quadrangle in South Dakota.
This rapid summary of these works that had a major affect upon
our present concept of the Fox Hills brings us to the 1960's when a
flourish of new research in Fox Hills and related rocks of the northern
Western Interior was begun.

At the time Feldmann began work on the

Bivalvia of the Fox Hills Formation in North Dakota, Waage and his students were carrying out an extensive examination of all aspects of the
formation in its type area along the Moreau River in South Dakota.
They eventually expanded the study to include most of the Fox Hills
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exposures in that state.

Frye undertook a major study of the Hell Creek

Formation in North Dakota.
Waage first summarized his work in 1961 when he described general
stratigraphy, paleoecology, and several assemblance zones based on molluscan accumulations in concretions.

These accumulations were attributed

to mass mortality of an unknown cause in quiet marine conditions.

He

considered these molluscan zones and the occurrence of concretions in
more detail in 1964.

A particular coleoid cephalopod, Actinosepia

canadensis, was discussed in 1965.
In North Dakota, Feldmann (1964) published a preliminary description of the upper portion of the formation as it occurs in the region of
Sibley Buttes, Kidder County, North Dakota.

This was accompanied by a

brief but fairly complete.faunal list for the units exposed there.
Later (1966) he summarized the geology of the Fox Hills Formation in
Emmons County, North Dakota in the light of Waage's work.

Feldmann

supported the earlier suggestion of Fisher (1952) that there should be
a two-fold division of the formation in Emmons County since the Timber
Lake and Trail City members become more and more similar to each other
northward from their type localities, until they are frequently difficult to recognize in eastern Emmons County.
Relationships between the interfingering Fox Hills and Hell
Creek Formations were clarified in a paper by Frye (1964) who described
marine tongues in the Hell Creek Formation.

The lowest of these he

termed the Breien Member for its exposures near Breien in Morton County,
North Dakota.

He later (1969) gave a complete account of Hell Creek

stratigraphy in North Dakota.

10

In 1967 Waage _again presented a synthesis of his fauna! and
stratigraphic studies as they related to the closing phases of the
Cretaceous seaway in the Western Interior.

Some of his conclusions

regarding littoral and deltaic facies overlap those of Pettyjohn (1967).
In the same year Pettyjohn described the Fairpoint and White Owl Creek
Members.

The former is a shale, silt, and sand sequence 280 feet thick

containing the "Stoneville coal facies," formerly termed a member by
Searight (1934).

It is overlain by the White Owl Creek Member, 195

feet of silt, crossbedded sand and sandstone, and purple clay-shale,
which in turn is overlain by the Tertiary White River Group.
A major revision of Fox Hills stratigraphic nomenclature was
proposed by Waage in 1968.

He recognized the Trail City Member con-

taining the Irish Creek and the Little Eagle lithofacies; the Timber
Lake Member containing a Cucullaea and a Cymbophora-Tellina assemblage zone, a Tancredia-Ophimorpha biofacies, and a Rock Creek lithofacies of restricted extent; and the Iron Lightning Member containing
the Bullhead and Colgate lithofacies (formerly members).

He (p. 42)

was not certain of the relationships of these units with Pettyjohn's
Fairpoint and White Owl Creek Members which were described about 100
miles from the type area.

Earlier, Black (1964) had discussed a change

from typical marine facies to continental facies westward from the type
area of the formation in the Bridger area of Haakon County.

Black's

brief conclusions were not discussed by Waage in 1968, nor were Feldmann's (1964, 1966) stratigraphic presentations considered.
Feldmann completed his revision of the Fox Hills bivalve fauna
and paleoecology in North Dakota in 1967 when he described a fauna of
forty-two species of bivalves.

This fauna and the geology of the
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formation are discussed in Feldmann's (1971b) synthesis.

Speden (1970)

completed a parallel study in South Dakota which included fifty-eight
species of bivalves and a revision of Waage's (1968) zonation terminology in view of systematic nomenclatorial changes.

Feldmann's (1967)

bivalve study led to a description of Fox Hills paleoecology of southcentral North Dakota in 1968.

Speden's paleoecological data are not

yet published.
In addition to these major revisions there have been several
recent works that, together, may influence stratigraphic and paleoecologic work yet to be done.

These include Feldmann (1968a), Holland

and Feldmann (1967) and Mello (1969).
More generally, Levington in 1970 considered the possibility
that mollusk assemblages in the Fox Hills Formation might be the result
of invasions of
deposition.

11

opportunistic" species onto the shelf area of Fox Hills

Hall (1967) and Norton and Hall (1967, 1969) have made a

comprehensive treatment of Cretaceous-Tertiary floras in eastern Montana.
Their studies have dealt with Bearpaw, Fox Hills, Hell Creek, Tullock
and Lebo strata.

New species of spores were described from the Colgate

Member of the Fox Hills Formation (Hall, 1967) and the stratigraphic
significance of the floras was outlined.
Stratigraphic and facies relationships of the formation were
included in Weimer's (1965) synopsis of the stratigraphy and petroleum
occurrences in the Almond and Lewis Formations of Wyoming.
Yet more remote, but quite pertinent to my study, are two papers
by Sohl.

In 1967(a) he described a gastropod fauna from the Red Bird sec-

tion of the Pierre Shale in Wyoming.

In 1967(b) he also gave an outline

of the usefulness of gastropods for distinguishing Upper Cretaceous
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paleogeography and faunal realms.

He reiterated his strong belief in

their utility in 1968 and again in 1969.
Jeletzky (1969) outlined a history of Cretaceous marine biotic
provinces for western and northern Canada.

He concluded the Canadian

Cretaceous molluscan faunas indicated existence of two principal biotic
provinces, a "North Pacific" province and a "Boreal Cretaceous" province
(p. 890), the later dominated by relatively few species compared with
the former which has a Tethyan influence.

To some extent these conclu-

sions corroborate those of Sohl (1967b).
Methods of research.--Field research for this study was begun in
June of 1969 when a reconnaissance trip was ma.de to examine the Fox Hills
Formation in general aspect throughout the area.

Sections in eastern

Montana and Bowman County, North Dakota were briefly perused and found
to be essentially unfossiliferous.

Following this most all of Waage's

(1968) type sections in South Dakota were examined and collected in some
detail.

Major field collecting was done in July and August of 1969.

Gastropods occurred much less commonly than bivalves and good material

was collected from only thirty-two localities.

The moat productive

outcrops as determined from this work were revisited twice during the
summer of 1970.

These outcrops are all located in south-central North

Dakota.
Specimens were returned to the University of North Dakota Geology
Department for preparation.

Many were returned in concretions, as col-

lected, and extracted in the laboratory.

Concretions were split with a

five-pound sledge and specimens were then cleaned as well as possible
With an S. S. White dental drill or occasionally with an S. S. White
airbrasive unit.

The latter often proved destructive to the prosopon
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of specimens and was only used when no other techniques were adequate.
Specimens taken from friable sand or non-indurated silt and clay units
were readily cleaned with dental picks, dissecting instruments, and a
Bendix sonic cleaning device.

When sandstones contained calcareous

cement the grains were frequently removed by careful application of
dilute hydrochloric acid and agitation with a moderately stiff size
"O" paint brush.

No attempt was made to remove iron oxide coatings

from the shells.
Collections made by me augmented those of Feldmann and of Cvancara.

They have been curated in the University of North Dakota Paleonto-

logical collections.

Localities and stratigraphic units within outcrops,

have been assigned University of North Dakota locality Accession (A---)
numbers and individual type specimens received UND catalogue numbers.
Types are also listed in the UND type catalogue.

All specimens are

housed at the University of North Dakota Geology Department.
Important European, Russ~an, and Japanese references have been
examined and applied where useful.

In early 1971 a week was spent at

the U.S. National Museum, Washington, D. C., comparing North Dakota
specimens with the gastropod type collections there.

This was a most

valuable experience and clarified several toxonomic questions.

Photography was made somewhat more time consuming by the preparation of stereographic figures of many of the specimens.

This tech-

nique has been described by Evitt (1949) and is useful in demonstrating
true configuration of robust fossils such as gastropods.

Many charac-

ters are better illustrated in this manner and the technique should be

.-

applied more widely in the future.· This technique requires placing_
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STRATIGRAPHY
Definition of the~ Hills Formation.--Formation No. 5 of the
Upper Cretaceous series (Meek and Hayden, 1856a, p. 63) was recognized
and discussed in the literature well before it was named in 1861 by Meek
and Hayden (p. 419, 427) the "Fox Hills Beds," or less often in the
ensuing pages, the "Fox Hills Group" (p. 424).

In the 1861 revision of

their stratigraphic nomenclature the authors did not give the precise
thickness of the "Fox Hills Beds" but described their occurrence as an
estimated 500 foot thick unit of "gray, ferruginous and yellowish sandstone and arenaceous clays • • • " on a generalized section of Cretaceous
rocks of the Missouri River region (p. 419).
was said to be

rr

•

The area of best exposure

at Fox Hills, between Cheyenne and Moreau Rivers,

above Fort Pierre; and it also extends across upon the opposite side of
the Missouri, in the region of Long Lake" (p. 427).

Waage's (1968)

study included designation of several representative sections in the
expanded type area in Dewey and Ziebach counties, and in Corson County
south of the Oak Creek Valley, South Dakota, because no single section
along the historical "Fox Ridge 11 exposes a complete or adequate stratigraphic section of the formation.
In 1861 Meek and Hayden also began a slight controversy, now
fairly well settled, as to the position and nature of the basal contact
of the formation; "It is not separated by any strongly defined line of
demarcation from the formation below [Pierre Shale], the change from
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the fine clays of the latter to the more sandy material above, being
usually very gradual" (p. 427).
The formation was fairly well understood by this definition
until more numerous studies began to the west and northwest of the
type area in central South Dakota.

In the western areas it became

embroiled in the Lance-Laramie-Fort Union conflict and the problem
of the Mesozoic-Cenozoic boundary.

Most of this confusion was due

to poor recognition of several lithofacies composing the Fox Hills
Formation as well as those of the Hell Creek and Lance strata.

A

great deal more mention was made of the "Fox Hills" Formation in the
numerous lignite studies than anywhere else during the late 1800's
and early 1900 1 s.

Calvert (1912), Calvert, et al. (1914), Stanton

(1910, 1914, 1917), Stanton and Hatcher (1905), Winchester, et al.
(1916), Stebinger (1914), Leonard (1911, 1912), Leonard and Smith
(1909) all discussed and measured sections in North Dakota, South
Dakota, or Montana which contained rocks said to be of the Fox Hills
Formation.

Whether or not they in fact did all belong as assigned

is doubtful but is peripheral to this discussion.
The gradational transition of the upper and lower contacts
is partially responsible for this confusion.

As previously noted in

the type area Meek and Hayden (1861, p. 427) described the lower contact as gradational but placed it somewhat higher than currently
understood.

Waage (1968) has discussed th(= lower contact at length

(p. 57, 58) where he described marked, though gradational, increases
in silt content beginning high in the Elk Butte Member of the Pierre
Shale.

Infrequently this may occur throughout as much as eight feet

of strata, but more often one or more well defined silt beds marking
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the contact are seen.

Jarosite often shows marked concentration in

these beds as well.
Westward from the type area the base of the formation and its
nature have been variously described as gradational-conformable and as
erosionally unconformable.

Calvert (1912, p. 12, 13), when he named

the Colgate Member (of the "Lance"), stated. that the Fox Hills was
absent from some of his sections on the northwest end of the Cedar
Creek Anticline.

Winchester, et al. (1916) concluded that Calvert's

Colgate Member more probably belonged in the Fox Hills and that (p.
18):

"It does not appear that in this region there was any profound

break in sedimentation, either at the beginning or at the end of Fox
Hills time."

If Calvert's Colgate Member is indeed Fox Hills as it

is now understood to be, the formation obviously is present there;
its stated absence was purely one of semantics.
The nature of the upper contact with the Hell Creek Formation
(=Lance of authors) was more deeply confused in the same semantical
problem just described.

Apparently there was more justification for

the confusion of the upper boundary because of the character of the
Hell Creek Formation.

The Hell Creek strata are mainly terrestrial,

deltaic stream, swamp and occasionally brackish, lagoonal marine
deposits (Frye, 1969).

This type of advancing deltaic complex over-

lapping a regressive marine lithofacies association of offshore silts,
littoral and sublittoral bars and beaches, and back-beach lagoon and
estuarine muds and channel sands can produce more than twenty possible
stratigraphic sequences between which the Fox Hills-Hell Creek contact
may be placed.

Slight erosion of the Fox Hills strata prior to Hell

Creek deposition could increase this number of possibilities yet more.
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In view of this, it i.s no wonder definitions were troublesome. · Meek
and Hayden were perplexed by the nature of the upper contact.

They

placed the contact below the first "estuarine" bed which they termed
"Bed Q" of the "Great Lignite Group" (Meek and Hayden, 1857).

In the

type area the upper contact is gradational and represents several
fluctuations of the oceanic margin.
appear in the section.

Thus, several such brackish units

All but the earliest now are placed in the Hell

Creek Formation (Frye, 1964), whereas Bed Q of Meek and Hayden represents the uppermost and final marine-influenced sandstone deposition
of the Fox Hills regime.

The misunderstandings caused by these suc-

cessive brackish tongues and by the lack of lateral cont~nuity of some
of these Colgate sand units is thoroughly discussed by Waage (1968,
p. 29-31).
The farther west that one examines these units, the less often
these estuarine facies occur in the section, though some are persistent.
Stanton (1910, p. 180, 184, 187) asserted several times that the Fox
Hills-Hell Creek (=Lance) contact represents essentially a marinebrackish-continental sequence of deposition uninterrupted by erosion
on a major scale,

Leonard (1913, p. 19) strongly disagreed with

Stanton's conclusions.

The contact of the Fox Hills and Hell Creek

Formations was examined intensively by n·obbin and Reeside in 1929.
They considered it to be

11

•••

everywhere essentially transitional"

(p. 25).

Most recently the contact was described by Frye (1969) and Waage

(1968).

Frye, after careful study, concluded that the contact shows both

unconformable and transitional character depending upon geographic location.

He said (p. 24),
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The writer believes that his and other investigators' results
have shown that there are no simple conclusions to be made
concerning this contact. Dobbin and Reeside's [1929] summary
of the Fox Hills-Hell Creek contact appears to fit most of
North Dakota and South Dakota. However, in eastern Montana,
it has now been substantiated that the unconformities found
between the Hell Creek and Fox Hills Formations are not local
but very widespread.
Waage (1961, p. 238) indicated by use of fossil zonation that
the upper contact of the formation is older to the west of the type
area.

In 1968 he described the contact in some detail (p. 118-120).

He indicated the most useful placement of the contact in the type area
was that it be

11
•••

taken at the base of the first appreciably thick

lignite or lignitic clay or shale."

This is a general solution to a

problem of transitional deposition which can have no more specific
solution.
In summary, the Fox Hills Formation as now defined includes
clayey, silty, and sandy, marginal marine deposits of variable thickness.

The lower contact is one of transition from clay shale of the

Pierre into silt and sandy silt facies of the Trail City Member of the
Fox Hills Formation.

In the area of the Cedar Creek Anticline, east-

ern Montana, and western South Dakota the transition is more abrupt
into a sandy facies.

The upper contact is also generally transitional

from banded silt and clay beds or white clayey sandstone into lignite
or lignitic shale of the Hell Creek Formation •. To the west of the type
area these relationships may be erosionally unconformable rather than
transitional.
Fox Hills Formation in North Dakota.--Most of the discussion of
the early problems of boundary definition and stratigraphic continuity
of the formation mentioned above pertain equally well to the early
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history of the formation's concept in North Dakota.

In fact, s~veral of

the major contributions to the problem were based on the several works
of Calvert, Stanton, and Leonard cited earlier.

They will not be

reviewed again here.
In the principal area of study in south-central North Dakota,
the major early works were those of Leonard (1912) and Calvert, et al.

(1914),

No comprehensive work was done until Laird and Mitchell (1942)

investigated the geology of southern Morton County.

They noted a well

exposed section on the Cannonball River where lower and upper Timber
Lake; Bullhead and Colgate lithologies were present.

They applied the

term Colgate to the upper white, fluted sandstone; the other units
were unnamed.
Fisher, in his 1952 mapping of Emmons County, first applied the
terms Trail City and Timber Lake to the formation in North Dakota.

He

also recognized the banded shales (Bullhead) and Colgate Member, considering them to be the nupper Fox Hills Sequence" (p. 12), whereas
the Trail City and Timber Lake members composed the "Lower Fox Hills
Sequence."

He based much of his stratigraphy upon the Ophiomorpha-

bearing beds of the Timber Lake Member and the persistent, indurated,
butte-capping sandstone at the top of the upper sequence.

This latter

bed was used as a datum for construction of a structure contour map.
Fisher described both the lower and upper contacts as essentially conformable.

With regard to the transitional Pierre-Fox Hills

contact he stated (p. 9):
This transition covers several tens of feet in which the silts
of the upper Pierre become more numerous and frequently weather
to the yellow-bluff [~] color of the typical Fox Hills.
Where concretions are present the contact was placed at the
top of that zone.
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This contact is best exposed in a cut on Beaver Creek in Seeman Park
(Municipal Park) at Linton, North Dak9ta.

Cvancara (1956) studied the

.gastropod fauna of the abundant concretions at this locality and applied
Fisher's interpretation to their stratigraphic position.

Since that

time Feldmann (1966, 1967) has re-evaluated the relationships at this
locality.

His interpretation, and that which is followed herein, is

that the contact should be placed where fine sand and silt stringers
first become more abundant than clay of the Pierre.

This gradation is

marked at its early stages by accumulations of jarosite.

It is approxi-

mately ten feet below the lower concretion zones mentioned above (Feldmann, 1967, p. 39).

Such an interpretation is in keeping with the usage

of Waage (1968), and places these concretions in the Trail City Member
as used herein.
The upper contact in Emmons and Sioux Counties shows some channeling but no major relief.
everywhere gradational.

It is essentially conformable but not

Fisher (1952, p. 16) noted this channeling at

the contact as have I in Sioux County.

The contact may generally be

placed at the first lignite or lignitic shale horizon (Laird and
Mitchell, 1942; Fisher, 1952; Frye, 1969; Feldmann, 1967) as was done
in this study.

Feldmann (p. 51) noted in regard to this interpreta-

tion that:
This contact has both the practical and theoretical significance in that it not only serves as an excellent marker bed
upon which to separate the two units, but also marks the
approximate boundary between marine and brackish water
deposits of the Fox Hills Formation and the predominately
fresh water and terrestrial deposits of the overlying Hell
Creek Formation.
In western North Dakota along the Cedar Creek Anticline the character of the formation changes.

The basal contact is similar to that
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described at Linton.

Feldmann (p. 42) gave the following description of

the section exposed in NW!i;NW~ sec. 4, T. 131 N., R. 106 W., in Bowman
County:
The contact between the Pierre and the overlying Fox Hills
Formation is gradational through a sequence of about ten
feet and represents a change from the dark blue shale to
buff or yellow fine-grained sand with a few brownish shale
or siltstone interbeds.
I have not studied this contact in detail, although I have examined it
in the Pine Unit oil field on the Cedar Creek Anticline in Montana.

In

that area it is more abrupt and marked by flaggy beds of ripple-marked
fine and medium unfossiliferous sandstone.
Figure 2 is a composite diagramatic section of the Fox Hills Formation as it occurs in south-central North Dakota.

In conjunction with

my study of the gastropods several stratigraphic sections were measured.
These are presented in tabular form in Appendix B.

They add little in

way of lithologic description to the sections illustrated and discussed
in detail by Feldmann (1967, p. 38, fig. 3).

The interpretation differs

in some details as described in the following discussion.

Interpretation of Members.--In view of recent revision of member
terminology by Waage (1968) and my field experience, I feel that a
redefinition of the members occurring in North Dakota is worthwhile
because it serves to clarify both stratigraphic and paleoecologic concepts of the formation in the state.

The history of nomenclature as

applied to members in the type area was given by Waage (1968, p. 41,
fig. 4) as shown in Figure 3 below.

The terminology applied by Feld-

mann in 1967 is essentially that which is used by the South Dakota
Geological Survey and shown in Figure 3 herein.

Feldmann, in addi-

tion, recognized the ~nterfingering relationship of the units, much
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as Waage did, and he was the first to consistently apply the term "Bullhead" to silts and clays in the upper portion of the formation in North
·Dakota.
It is generally agreed that the formation in the type area is
divisable into a lower and an upper portion (Fisher, 1952; Feldmann,
1966 ~nd 1967; Waage, 1968).

Waage (p. 45) has redefined the upper

portion to include one member in two lithofacies.

This Iron Lightning

Member has its type section, a composite of several local exposures,
in the~ sec. 33, T. 14 N., R. 19 E., U.S.G.S. Redelm NE quadrangle,
Ziebach County, South Dakota (Loe. 74 of Waage, 1968).
ined the member at this locality.

I have exam-

This unit contains lithologies

previously considered to be the Bullhead and Colgate Members.

The

reasoning behind his action is expressed by the following statements
(p. 45, 46):

The concept of the type Fox Hills as a formation made up of
four successive members is an oversimplification of fact. The
four named members in use at the present time do indeed apply
to four lithogenetically -distinctive parts of the formation
but these are neither uniformly successive nor are all of them
continuous within the type area. Two of the four members
(Bullhead and Colgate) are so intricately interrelated that
their separation obscures rather than clarifies their true
relationship. • •
A broader, natural subdivision of the Fox Hills-into lower
and upper parts is afforded by its major environments of deposition. The Trail City and Timber Lake Members form a lower part
of off-shore marine deposits and the Iron Lightning Member an
upper part of near-shore marine and brackish-water deposits.
In areas peripheral to the type Fox .Hills, where one or more of
the members begins to lose its identity, a twofold subdivision
of the formation apparently remains obvious and might be useful
in mapping. In describing the type area, adoption of the
informal subdivisions lower.and upper Fox Hills provides a
means of organizing the stratigraphic data in an environmental
framework.
In this revision there is no violation of the Stratigraphic Code,
perhaps because this type of reassignment is not covered by the Code.

?"
-0

His use of the terms Bullhead and Colgate

11

lithofacies 11 is defined as

follows (p. 46):
In addition to the formal members of the Fox Hills Formation,
informal units, here called lithofacies, are used to single out
lithogenetic units essential for environmental reconstruction.
As used in this report, a lithofacies is one or more bodies of
sediment or sedimentary rock distinguished from enclosing deposits by noteworthy lithologic, organic and/or internal structural
characters.
This usage is not in keeping with that of Sloss~ al. (1949) who express
lithofacies in a statistical manner, but rather might be called a "lithosome" in their terminology.

Waage (p. 47) felt this usage is too

restrictive when discussing field and paleoenvironmental relationships
and I am inclined to agree with him.

I have accepted his definition of

the Iron Lightning Member containing a Bullhead and a Colgate lithofacies (informal) as indicated in Figure 4.
At the same time Waage redefined the character of the Trail City
Member to include several lithofacies.

At the present stage of Fox

Hills stratigraphy in North Dakota these are of little use.

This is

particularly true because that unit thins markedly to the north of the

type area to the extent that it is frequently not recognizable in North
Dakota (Feldmann, 1967; Waage, 1968).

I consider the lower portion of

the outcrop at locality A480 to represent this member and it is present
at localities A469 and A457 in Emmons and Sioux Counties as well, but
nowhere does it have the thickness (65-210 feet) reported by Waage
(p. 58) from the type area.
The final stra~igraphic consideration to be made deals with that
bed which is at the top of the Fox Hills section in many areas of North
Dakota, South Dakota, Colorado(?) and Wyoming.

The particular unit in
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question was described by Fisher (1952, p. 13, 14) for exposures in
Enunons County as follows:
The top of the Fox Hills is a resistant sandstone that caps the
higher buttes in the southwestern and merges into and forms the
land surface in the northwestern quarter of the county. The
base of this bed was used as a datum plane for the structural
map of the area. The stratum is a medium-grained, light to
medium gray, bedded sandstone. It is usually four to seven
feet thick although thickness up to twenty feet are known.
Cross-bedding is common where the s~ndstone is thick. It
weathers to varying shades of gray, or to a distinctive copperbrown with accompanying yellow stains. Pellets about one-eighth
of an inch across are common in the sandstones as well as in the
underlying light gray sands. Halymenites-type "tubes" are found,
but these differ from the forms in others beds in that they are
thinner and are predominantly vertical. Fossil wood ranging in
size from purplish specks to white silicified fragments over a
foot in length is common.
Fisher's description covers several main characteristics but is
worth expanding for this discussion.

These beds are often flaggy, part-

ing along flat bedding planes to produce slabs from 1/2 inch to upwards
of six inches in some outcrops.

It is well indurated, often with

siliceous cement though carbonate cement is occasionally present.

The

sandstone itself is usually medium-grained, ranging to coarse-grained
in some areas, subangular, containing an identifiable lithic fragment
(being nearly a gray-wacke in some places) portion and several dark
minerals.

One of these, a green, mineral called "greenalite" by

Stanton (1917) and glauconite by Fisher (1952, p. 15).
mineral occurs in other units of the formation.

A similar

Waage (1968, p. 55)

reported that analyses of a green mineral, perhaps that in question,
had the optical properties of glauconite but showed none of its characteristic X-ray peaks.

It is particularly common in this upper unit

especially in those portions where silicified wood fragments are found.
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An important aspect of some outcrops of this unit is its very
characteristic fauna, a discussion of which was omitted by Fisher.

At

many localities it contains numerous accumulations of shells of the
following genera:

Crassostrea, Dakotia (= Melania in part), Corbicula,

Anomia, Euspira, and occasionally Neritina, often in that approximate
order of frequency.

Corbicula becomes more common to the west where

it occurs in the Colgate lithofacies (Waage, 1968).
Feldmann (1967, p. 41, 51) noted that this was probably a southeastward expression of the Colgate Member and he considered it such in
his work.

His discussion, quoted below, indicated that he was aware of

the distinctness of the unit but he made no attempt to clearly segregate
it in his terminology as indicated (p. 50):
Yet a third lithologic type, which I have referred to the Colgate
Member, consists of a similar graywacke sandstone which forms the
matrix of an oyster "hash" which occupies the same stratigraphic
position at the top of the Fox Hills Formation. Wherever this
feature is observed the unit is very thin, generally less than
four feet. The occurrences of oyster fragments at the top of the
Fox Hills are extremely widespread and perhaps can best be seen
in secs. 16, 17, 20 & 21, T. 130 N., R. 80 W., in Sioux County,
_
where oyster fragments festoon the surface of pasture lands. At/--,.
only a few localities, for example, sec. 26, T. 133 N., R. 73 W.,
in Logan County and in sec. 31, T. 141 N., R. 72 W., in Kidder
County, where [sic] oysters well enough preserved to allow identification. At the latter outcrop the oysters occur with a
rather large fauna of associated brackish-water forms. Wherever
the member has the same lithologic expression as the type Colgate, fossils appear to be absent, even to the exclusion of the

plant fomsils that have been described by Knowlton (1916) in
Colorado and noted by Calvert (1912) in Montana.
The unit in question differs from the Colgate Member in several
details and is not the lithologic equivalent of Calvert's member.

Dobbin

and Raeside (1929, p. 25) have provided a thorough analysis of the Colgate lithology, portions of which are quoted below:
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The specimens of Colgate sandstone examined are composed of
a great variety of detrital materials. Sand grains form about
one-third, and claylike material the remainder of a typical
specimen. Quartz is the most abundant single mineral element
in the sand grains, but minor amount.s of microcline, plagioclase, muscovite, biotite, chlorite, tourmaline, garnet,
zircon, and apatite are present. The materials are not well
sorted and range from 0.3 to 0.01 millimeter or less in diameter. Large grains are in direct contact with small ones,

uncl there is no ~videnea of eoneentrat1on of larga or amall
grains along bedding planes. The sand grains are nearly all
sharply angular.
Some specimens contain several per cent of calcite, and
others contain almost none. Some of this is probably of
detrital origin, but euhedral rhombs of calcite and sparse
grains of glauconite were probably formed during the deposition of the sediments • • • •
Clay minerals made up a considerable part of the interstitial material, and most of these appear to have formed in
place by the alteration of detrital rock grains. At least two
clay minerals are recognizable. The more abundant is a mineral
of the kaolin group that is probably leverrierite or anauxite,
and the other is beidellite.
The sandstone is nearly white, notwithstanding the fact
that it contains grains of brown and other dark colors. Its
light color is due to the white, chalklike appearance of the
sericite and clay present as interstitial material between
the grains of quartz--that is, the color of the sandstone is
due to the tinting power of the large proportion of white
interstitial material and not to freedom.from impurities.
Most characteristic of the true Colgate Member is its fluted weathering
surface caused apparently by its large clay content and poor induration.
Neither the clay nor the fluting are present in outcrops of the unit
under discussion.
Waage (1968) in his treatment of problems in defining the Colgate
Member discussed the "butte cap problem" (p. 129).

His analysis of the

situation as it occurs in the type area is thorough and I have excerpted
it as follows:
Buttes with caprocks of indurated. Hell Creek sand are few and
the stratigraphic position of most can be demonstrated without
much difficulty. The remaining butte caps in the area have
collectively been considered to be indurated Colgate sand by
most workers, .some of whom have described this induration as
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a distinguishing characteristic of the upper part of the Colgate sand. The caprock of the buttes in question is a hard
gray sandstone with siliceous cement. In color and in kind
it is similar to fresh specimens of both the Colgate lithofacies and the sand in the upper part of the Timber Lake
Member: Some caprock contains Crassostrea beds, some an
Ostrea-Pteria-Cym.bophora association, others a TancrediaOphiomorpha association, and still others are barren or contain plant remains. A majority of buttes have the slopes
beneath the caprock obscured by grass and talus so that the
underlying unit cannot be identified, but a few buttes with
good exposures show that the caprock of some is underlain by
the Bullhead lithofacies and of others by Timber Lake sand.
Where the Bullhead lithofacies occurs the caprock is obviously
indurated Colgate lithofacies.

He stated that it is often not possible to tell whether this butte-capping
unit is in the Iron Lightning Member (Colgate lithofacies) or in the top
of the Timber Lake Member.
in North Dakota.

I disagree with this with respect to the unit

It occurs at approximately the same horizon over a wide

area and has a distinctive appearance.

Fisher (1952) recognized its

value when he used it as a datum for his structure map.

Feldmann (1967)

noted it in Sioux, Emmons, Logan, and Kidder counties as cited earlier.
Clayton (1962, p. 48) also noted it in Logan County and in McIntosh
County (?).

The following is a portion of his description:

The sandstone is a fine-grained protoquartzite that has the
same lithology as the unconsolidated sand, but it is well consolidated and has a calcareous or silicous [§.is] cement and 1to 5-inch bedding. The 10-foot sandstone bed in the northwest
quarter of T. 135 N., R. 73 W., is at about 2000 feet elevation
and is underlain by unconsolidated sand. The extension of this
bed into Emmons County was considered by Fisher (1952, p. 13)
to be the uppermost Fox Hills bed and was thought by Benson
(1952, p. 32) to be equivalent to the Colgate Member of the
Fox Hills.
Aside from its slightly different lithology, color, induration,
and weathering characteristics its fauna is exceedingly distinctive.
has been described above by me and in the words of Feldmann.

It has

also been recorded by numerous early workers from wide areas when they

It
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wrote about the "brackish beds" and the "brackish water fauna" (Meek,
lB73; White, 1879a, 1883a; Stanton, 1910; Calvert, et a3:_., 191'1;
Henderson, 1920b; Dobbin and Reeside, 1929).

Many of Stanton's (1910)

sections and collections, which I have examined are, clearly from this
unit.

It apparently represents a unique set of paleoenvironmental con-

ditions shown by no other member or lithofacies yet formally attributed
to the Fox Hills Formation.
Such unique lithologic characters alone are justification enough
to recognize formally a stratigraphic unit if its differentiation in the
field is possible, which I believe it to be.

If unique paleoenviron-

ment or regime of deposition are also considered valid justification for
such formal description as they have been by Feldmann (1967) and Waage
(1968), this upper (top in most places) unit of the Fox Hills Formation
should have member status.

It should not be included in the Iron

Lightning Member because it is not part of that paleoenvironmental
regime (though it occurs laterally to it in some areas).

A full con-

sideration of the paleoenvironmental implication of this unnamed member will be given under the section of this report entitled Paleoecology
below.

Since this is not a stratigraphic study the member will be left

unnamed herein.

Its characteristic Crassostrea-Dakotia fauna! assem-

blage as outlined above is recognized formally and may be taken to
occur in or very near the top of the Fox Hills Formatioh in its marine
expression in North Dakota, as I do not believe the water conditions
were nearly so "brackish" as those of the depositional environments
which produced the Iron Lightning Member.
Lastly a major feature of Fox Hills stratigraphy in North Dakota
is a volcanic ash bed present in Emmons and Sioux counties.

It has been
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described by Stanton (1917).

Recently it was thoroughly studied by

Feldmann (1967) who demonstrated that it transgressed environments
from east to west and might thus be of major time-stratigraphic and
paleoecologic significance.

His treatment was quite complete and

will not be enlarged upon herein.
Age and correlation.--The Fox Hills Formation is the upper unit
of the Montana Group (Eldridge, 1896) and overlies the Pierre Shale,
also of that group.

Together they represent the latest phase of marine

Cretaceous deposition in the Western Interior.

Stratigraphy of this

group, and a correlation were given by Stanton and Hatcher (1905, p.
63) which gave the Eagle, Clagget, Judith River and Bearpaw Formations
in central Montana as correlatives of the Pierre Shale in the South
Dakota section.

Stebbinger (1914) and Bowen (1915) refined the strati-

graphy of the Montana group.
Cobban and Reeside (1952) consider the formation to be of
Maestrichtian age.

In Montana the approximate correlative units would

be the Horse Thief and Lennep Formations (Stebbinger, 1914).

On the

Atlantic Coast it would be approximately equivalent to the Red Bank
sandstone of New Jersey, Delaware, and Maryland and the upper Peedee
Formation of North Carolina (Stephenson, 1923, pl. 8).

Gulf Coast

correlatives include the Corsicanna Marl and Kemp Formations according
to Stephenson (1941, p. 33).

These correlations were carried to the

Mississippi Embayment by Sohl (1964a) whose chart appears as Figure 4
herein.

Sohl considered the Corsicanna Marl to be older than the Fox

Hills Formation.
Precise correlations are very difficult.

Atlantic and Gulf

zonation is based upon the bivalve genus Exogyra which is not present
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in the western Interior where rocks are zoned instead upon occurrences
of Inoceramus. Inoceramus occurrence is facies determined (Sohl, 1967a)
and it does not occur in the littoral deposits of the Fox Hills Formation.

The facies influence upon composition of the Fox Hills fauna was

recognized in 1905 by Stanton and Hatcher who made the following statement {p. 66):
Faunas similar to that of the Fox Hills sandstone have a great
vertical range and are likely to be found at any horizon within
the Montana group where a littoral or shallow-water facies is
developed. The use of the term Fox Hills as a formation or
horizon outside of the original area in South Dakota is therefore of doubtful propriety, as experience has shown.
A better understanding of this fact might clarify some attempted correlations at great distances from the type area such as those of Lovering,
et al. (1932) or Henderson, 1920{a)(, 1920{b) based largely upon fauna
of the molluscan benthonic communities in Colorado.
The use of benthonic invertebrates in correlation is always
tenuous on a continental scale.

Ammonite zonation applied to these

rocks has been more promising and the correlations given here have
been examined in that light.

Sphenodiscus lenticularis is taken to

be the best index to rocks of Fox Hills age, and correlations using
Sphenodiscus have been given most weight.

Stephenson (1923) reported

it from the Peedee Formation which falls in the Exogyra costata zone
of eastern usage.
Cobban and Raeside (1952) noted that western portions of the
Fox Hills Formation are included in the Baculites ovatus and B.
clinolobatus zones which are in the Pierre Shale farther east.

This

increased age of the Fox Hills Formation westward from the type area
has been demonstrated by those authors and by Waage (1961).

One would

35

expect a regressive littoral marine facies to transgress time in this
manner.

Perhaps after scaphitid ammonites of the Fox Hills Formation

are better defined more refined correlation within the Western Interior
and above the Baculites clinolobatus zone may be accomplished with more
assurance.

The gastropods discussed herein are facies sensitive and

would probably be shown to have rather lengthy stratigraphic distributions if they were better documented.

PALEOECOLOGY
Interpretation of Sedimentary Environments.--Feldmann (1967),
Waage (1968), and Speden (1970) have each summarized general paleoenvironmental conditions under which various lithofacies of the Fox Hills
Formation were deposited.

Each has indicated shallow marine and

brackish water regimes of deposition for the lower and upper portions
of the formation respectively.

To date Feldmann's interpretations are

the most concrete, although Waage has discussed more sedimentologic
data.

Figure 5 depicts Feldmann's concept of the paleoenvironment and

facies relationships of the various units.

Speden's (1970) facies

interpretations, a modification of Waage's (1968) scheme are presented,
slightly modified, in Figure 6.

Speden has presented minimal inter-

pretive data from these relationships.
Feldmann (1969) presented a synthesis of data that were derived
from depth-of-occurrence comparisons between Fox Hills bivalve genera
. and modern representatives of the same or related genera.

He concluded

that deposition occured in a range of from zero to eighty fathoms of
water.

Since some areas were probably subaerially exposed shortly

after deposition the shallow limit is correct, and the eighty fathom
depth is well within reasonable limits and will be accepted in this
discussion.
For the sake of comparison I recognize six broad lithofacies,
any or all of which may grade into each other depending upon conditions
36
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of deposition at any particular locality.

The "prodelta 11 lithofacies,

deposited in conditions of deepest water (e.g. up to 80 fathoms) is of
fine-grained sand, silt, and clay lithologic composition and corresponds
generally to the Trail City Member as used herein.

The "spit-barrier

bar 11 lithofacies of relatively clean, medium to fine-grained, glauconitic, occasionally cross-bedded, sandstone, corresponds to the Timber
Lake Member in most instances.

Where the spit-barrier bar sands have

prograded onto, and graded liaterally into the prodelta facies the latter becomes more sandy with the result that the resulting lithologic
units do not resemble either parent unit in all characteristics.

This

situation occurs at locality A460.
The Bullhead lithofacies of banded silt and clay beds is interpreted as a lagoonal deposit formed behind some energy-absorbing barrier
such as a barrier bar, or baymouth bar complex.
Feldmann's (1967) interpretation.

This is in keeping with

The Colgate lithofacies is restricted

herein to heterogeneous, subangular, generally fine-grained, white sandstones containing a large portion of lithic fragments and a moderate
clay content.

These units are often cross-bedded and usually occur as

channel deposits.

A portion of one such channel is shown on Figure 3

of Plate 1 where a typically fluted Colgate lithofacies is seen truncating banded beds of the Bullhead lithofacies in Sioux County, North
Dakota.

Waage has termed these "tidal channel" deposits, although they

generally contain a brackish water or occasionally a fresh water fauna.
The tidal channel concept is an oversimplification of this complex unit.
I consider them simply as ' 1 channel depositsn which may be of tidal,
deltaic (in the sense of Gould, 1970), or of some upknown origin.

40
The final lithofacies in the Fox Hills of North Dakota is the
"sheet sandstone" which occurs high in the section in North Dakota and
often contains the Crassostrea-Dakotia faunal assemblage.

The lithol-

ogy of this facies has been described in the previous discussion of
the "unnamed member" of the Fox Hills Formation in North Dakota.

This

unit was probably the main stratum which caused Feldmann (1967) to consider the Colgate member as representing conditions of beach deposition.
It is a high energy, very nearshore deposit representing a wave-built
platform of sand.

I have no evidence that it was ever subaerially

exposed during deposition such as a beach berm might be, but subsequent
to deposition some units of this lithofacies were so exposed, as at
locality A454.
It is not possible to discuss Fox Hills depositional environments properly without including mention of Hell Creek deposition, as
well.

I cannot stress enough the close relationship between these

formations since the various Fox Hills lithofacies were totally
dependent upon the Hell Creek environment as a source for their sediments.

For that reason I include the general term

11

terrestrial"

lithofacies to encompass all paludal, riverine or other deposits of
terrestrial (Hell Creek) rather than marine (Fox Hills) origin.
The sedimentary record of each of these broad depositional
regimes is not entirely complete in North Dakota.

Our lithologic and

paleontologic legacy represents fortuitous·preservation of particular
event-controlled sequences of deposition.

This is not to say that a

nearly complete history of deposition can not be produced, but such a
history can only be created piecemeal from numerous outcrops.
evidence of the paleoenvironment must be interpreted in view of

Fossil
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sedimentary data which are available but as yet little utilized.

Such

data from a few outcrops have been compiled to produce the new concepts
of the Fox Hills environment given below and to substantiate the statements made above.
One key outcrop is that at locality A456.

It could be any out-

crop of the Timber Lake Member as it is not anomalous for that unit in
any particular feature except the interpretation here applied.

It is

shown on Figures 1, 2, and 3 of Plate 2, and diagramatically in Figure 7.
Detailed stratigraphy is presented in Appendix B.

Generally the outcrop

consists of two or three major highly indurated, ferruginous, highly
fossiliferous, fine-grained sandstone units which contain tabular crossbeds in some places and are complexly bored by the littoral crustacean
Callianassa of which only the ichnofossil Ophiomorpha remains.

The

occurrence of this organism has been reliably documented and will not
be discussed here (Weimer and Hoyt, 1962, 1964; Hoyt and Weimer, 1965;
Kennedy and MacDougall, 1969; Pickett, Kraft, and Smith, 1971; Waage,
1968; Warme and Stanton, 1971).

Interbedded with these units is a

major, friable, unfossiliferous, fine-grained, green, glauconitic sandstone containing only numerous, uninterrupted burrow networks of
Callianassa as shown on Figure 4 of Plate 2.

The contacts of these

units are abrupt and undulating.
The fossiliferous units contain a molluscan fauna typical of the
Tancredia-Ophiomorpha biofacies of Waage.

Bivalve occurrence in such

an assemblage have been documented by Speden (1971, p. 20-21).

At A465

they include, in approximate order of abundance, Dosiniopsis deweyi,
Tancredia americana, Ostrea translucida, and Panopea occidentalis.

The

gastropod fauna includes Euspira rectilabrum, Piestochilus scarboroughi,
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Pyropsis bairdi, Semitriton buccinoides, and Goniocylichna sp.

Most of

the bivalves are disarticulated but numerous articulated specimens are
also present.
Several divergences are required here to present this analysis
properly.

First:

Epeiric seas, of which the Fox Hills-Pierre sea must

be a prime example, were most likely without tides or large tidal effects
(Shaw, 1964, p. 7; Ball, 1971).
Second:

Glauconite (primary) is generally formed in water depths

of 30 to 700 meters (approximately 95 to 2300 feet or 16 to 385 fathoms)
or in water of less than 15 degrees Celsius (Galliher, 1935; Cloud, 1955;
Ehlmann, et al., 1963, Pratt, 1963; Porrenga, 1967).

Temperature here

is, in my estimation, the more important factor, but it is itself often
a function of depth.
Third:

Oxygen isotope studies (Tourtelot and Rye, 1969) of

Baculites scotti, Baculites compressus, and Belemnitella bulbosa shells
indicated either lower oxygen isotope composition of the Pierre sea
(attributed to meteoric water influx) or that the sea had water temperatures ranging from 21 to 33 degrees Celsius!

Other Campanian data

from the same workers indicated temperatures from 17 to 23 degrees
Celsius for Mississippi, Georgia, Vancouver Island, and eastern Greenland Cretaceous seas.
Fourth:

Fossils in the Fox Hills Formation show little indica-

tion of transport except in local areas of the Tancredia-Ophiomorpha
biofacies (Waage, 1968; Speden, 1970), its equivalents (Skogstrom, 1959),
or local oyster accumulations which show slightly more wear and thus
perhaps more transport (Feldmann, 1967).
gentle marine environment.

Thus the Fox Hills sea was a
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Fifth and last:

II

. Groups of organisms do not tend to select

habitats in which they undergo mass annihilation in the day-to-day regime"
(Ball, 1971, p. 224).
The rock record left to us from the Fox Hills marine environment
which preserves the most fossils is not that of a gentle sea!

When it

was gentle almost no fossils were preserved in the deposits formed
strictly under those gentle conditions.

The water was probably less

than 15 degrees Celsius at some depth in the shallow sea.

Transport

and abrasion of shells was common, a direct contradiction of previous
interpretations.
uncommon.

Minor eustatic or tectonic sea level changes were not

The fauna is highly selectively preserved.

Climatic periods

of great calm were interspersed with great storms (seasonal?) of hurricane proportions.

All of these paleoenvironmental conditions with the

exception of sea level fluctuations are newly interpreted in view of the
data presented above in combination with observations made at locality
A465 and documented below.
The resistant, concretionary sandstone beds in the Timber Lake
Member at this locality are storm deposits.

Bivalve shells at the base

of each storm unit show no preferred orientation.

They were buried very

rapidly on or near the strand line of a spit or barrier bar complex.

At

the top of these individual sandstones the bivalve shells show classic
concave-down orientation.

This indicates subsidence of storm conditions

to such extent that no new material was being thrown up on the bar and
waves were reworking and orienting the uppermost portion of the shell
deposit.

Occasionally these units are nearly a coquina and they appear

to have lateral consistency along the western side of the bar as shown
on Figure 9.

This "coquina" is like that reported by Laird and Mitchell
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(1942, p, 7) from SE% sec. 21,' T. 134 N., R. 80 W. on the Cannonball
River in southern Morton County, North Dakota.

That outcrop is approxi-

mately 31 miles due north of locality A465 and at the same stratigraphic
level.

This interpretation of the Timber Lake Member as a barrier bar

is consistent with that of Feldmann (1967) and Waage (1968).

Barrier

bar complexes have been reported from the Fox Hills Formation in Wyoming
by Weimer (1961), and Harms,

al., (1965) and they depicted strati-

graphic conditions similar to those reported here.
Harms, et al. (1965, p. 113) could find no modern analogue for
some features such as,

11
•

the widespread erosion surfaces within

the individual Fox Hills Sandstone bodies, also observed in some other
Cretaceous sequences (MacKenzie, 1965), [which] have no parallels in
modern sediments to our knowledge."

These surfaces in the outcrops

here discussed resulted from major scouring activity of storm seas.
The depth of such erosion is well defined by the bivalve occurrences.
Panopea and probably Tancredia were both deep infauna! forms.

The

former may have lived regularly at depths of 2 to 2~ feet or more if
modern analogues are utilized.

Although Panopea lives on the Atlantic

Coast it is so rarely thrown up even during a hurricane that for many
years its record was thought to have been from a fossil rather than
living shell (Vokes, 1969).

The most numerous bivalve, Dosiniopsis

deweyi was a very shallow burrower and would thus be expected to be
more numerous in a storm deposit.

If Waage's (1968) notes on faunal

distribution are correct, Panopea occurs in place in silty sediments
on the (interpreted) lagoonal or inshore side of the bar.

Tabular

crossbeds tend to indicate that at least one storm came from the
southwest which is not contrary to those data, though it seems to
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indicate a somewhat landward or at least coast-paralleling source for
the major wave directions and thus for the wind, discounting major wave
refr.'.lction.
It appears generally true that only these storm deposits have
been oxidized and indurated into the hard resistant sandstone units of
the Timber Lake Member, but this is a generalization supported only by
limited observations.

If true, .I attribute it to subaerial exposure

shortly after deposition (e.g. tens or scores of years at the very
most),

This occurred immediately in those units not burrowed or

re-inhabited by Callianassa following the storm.

The cementation is

partially the result of this exposure at which time glauconite was
rather thoroughly oxidized in many instances.

A complex diagenetic

sequence is no doubt involved and is worthy of study since it has
major paleoenvironmental implications.
This leaves two or three apparent discrepancies in the interpretation to discuss and several points yet to be made.

The 2~ foot

thick bed of friable glauconitic sandstone (Figure 7) with Ophiomorpha was not disturbed by the stom.

It represents the

11

normal 11

environment in which at least some mollusks should have been living.
None are found.

This, too, is clear evidence that the high mollusk

accumulations of the storm beds represent concentrations of shells
winnowed from the sparsely scattered populations of the area and collected by the scouring activity of the waves.

The friable bed seems

to have accumulated rather steadily, but not as rapidly as the storm
deposits, as indicated by the Ophiomorpha configurations.

It may

represent lateral redistribution of glauconitic sand and silt after
the previous storm, or simply the natural deposition of a southward
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prograding (Waage, 1968) spit or bar.

The former is most likely as

I will try to show.
Glauconite, as mentioned, occurs in 30 to 700 meters of water or
in water of 15 degrees Celsius or less.

The shallowest limit puts its

formation within the depth (80 fathom) assigned by Feldmann (1967) to
Fox Hills sediment accumulation.

The 15° temperature is 2 Celsius

degrees below the lowest proposed temperatures described for any late
Cretaceous seas by oxygen isotope analysis.

Ophiomorpha occurs within

the tidal zone on the east and west coasts of North America today.
These data are somewhat contradictory.

If they are correct they

require two additional assumptions.
First, these~ was not of uniform temperature, a condition common today and not unreasonable to assume in the Cretaceous.

I believe,

however, that the Fox Hills sea was occasionally highly and rather completely thermally stratified, with a well developed thermocline.

If

epeiric seas are relatively tideless and lack major currents as Shaw
(1964) stated, it would be easy to postulate thermal stratification
over wide areas if wind disturbance were lacking.

Thus there were

extended periods of sultry weather (seasonal?) during tbe Maestrichtian
in the Western Interior.
At such times glauconite was being formed at some depth along
the advancing deltaic frontal complex (Waage, 1968; Pettyjohn, 1967) of
the Fox Hills sedimentary system.

This formation took place in water

of approximately 15 degrees Celsius or less in a manner almost exactly
like that described on the present Niger Delta of Africa by Porrenga
(1967, p. 498).

Massive storms periodically destroyed the thermal

stratification, scoured the sea bed and transported the glauconitic
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sediment into shallow, littoral waters where it was redistributed by
slower acting longshore currents from the northwest, and was burrowed
by Callianassa.

Storm activities and wave scour at depths of many

fathoms are not irresponsible conclusions in view of recent studies by
Draper (1967) and McCave (1971) who indicate potential effective wave
transport on the sea bed under non-storm conditions may occur up to 16
fathoms.

Storm potentials could be an order of magnitude greater with-

out impropriety.

A recent study by Ball (1971) thoroughly documents a

massive storm during the Pennsylvanian which scoured an area of sea
floor conservatively estimated to have been 1450 square miles, the
deposition of scoured material having formed the Pennsylvanian Westphalia Limestone of Kansas.
This analysis of the physical environment of Fox Hills deposition is the result of study at a single outcrop.

It holds major impli-

cations for the interpretation of facies and fossil habitats which will
not be considered herein.

They are entirely peripheral to the present

study, and I intend to pursue them at a later time.
An outcrop of the upper "unnamed member" lends itself to similar
intenpretation.

At locality A454 this unit occurs in two beds--an

unfossiliferous condition and as a "shell hash" composed of a concentration of mollusks of the Crassostrea-Dakotia faunal assemblage.

The

exact lithology and assemblage occurs in the Breien Member of the Hell
Creek Formation (Frye, 1964, i969).

I have examined Frye's collections

in detail and they are faunally indistinguishable from those at A454.
The lithology is also correct except for a slightly larger content of
clay galls or flakes and a larger amount of iron oxide-weathering
stain.

The conditions of deposition of the two are identical, and I
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believe they are close temporally as well.

This unit is either the

result of the last massive storm recorded in Fox Hills strata, or it is
· the result of a significant, but limited, transgressive pulse of the
generally regressive Maestrichtian sea.
contained in these rocks is just that.

The "brackish 11 water fauna
It is a reworked accumulation

of brackish water mollusks that formerly lived over a broad lagoonlike back-water area (Bullhead and Colgate lithofacies of the Iron
Lightning Member) which had spread at least as far as Sec. 4, T. 132
N., R. 76 E., near Linton in Emmons County before being inundated.
No other so extensive, similar deposits occur in the Fox Hills of
North Dakota.

There have been other such oyster accumulations

reported lower(?) in the Iron Lightning Member by Waage (1968) but
these may be the result of storm activity.

None seems to cover the

five or six county area that I attribute to this deposit.
The lithology is analogous to the Colgate lithofacies but lacks
the silt and clay of that unit from.which it was principally derived.
In areas where the Timber Lake barrier bars were developed prior to
transgression they have been reworked and slurred laterally producing
similar flatbedded sandstones capping Timber Lake sediments and containing a Timber Lake fauna.
morpha, however.
Dakota.

I would expect those beds to lack Ophio-

Waage has ·found some of these conditions in South
'

-

In Emmons County these sands are deposited on a corrugated

(wave-eroded?) surface with tens of feet of relief in some places
(Fisher, 1952).

The ~nit has most of the characteristics of a "dis-

continuous·depositional transgression" as described by Curray (1964,
p. 199-200).

This type of deposit is reported as being:
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. . . a thin veneer of strand line or littoral sands spread
over tile underlying surface, with <liscontinuous deposits of
shelf facies or marine muds (shales) overlying it. Lagoonal
deposits may develop locally behind barrier island sands.
With sufficient supply, the barrier growth may for a while
keep pace with the rise of sea level (or subsidence), but
eventually the enlarged lagoon or estuary formed by the rise
of the sea will trap too much of the river-derived sediment.
The barrier is then overtopped and the lagoon becomes an open
sound and eventually open ocean. The ihoreline move, by steps
in this way, adding to the discontinuous nature of the distribution of the transgressive sediment. The shelf facies
muds (or marine shales) seaward of these littoral basal sands
may be even more discontinuous because the source may move too
rapidly to keep pace with deposition of a continuous blanket
deposit and because the muds are deposited in lagoons and
estuaries during part of the transgression • • • • Lagoonal
shells are exposed in places at the surface because of the
step-wise migration of the shoreline . • • •
This type of transgression may not be very common in recognized examples of ancient transgression, but it is very common
on the continental shelves of today.
Such deposits are frequently caused by subsidence of a ~elta during and
after deposition (Gould, 1970, p. 11).
While the interpretation of this as a minor transgressive sandstone is purely conjectural, others have noted such a condition in the
upper Fox Hills Formation in Wyoming.
(1965).

It was discussed by Harms, et al.

Because the conditions fit those presented by Curray (1964) so

precisely, even to the presence of eroded clay pellets and silicified
wood,and because the deposit is so widespread, perhaps even transgressing onto the Hell Creek surface, I have hypothesized a sea level change.
They may as easily represent a major storm event, but I feel that this
is less likely.
Data from two outcrops, localities A460 and A480, indicate the
"gentle" conditions most usually attributed to the Fox Hills environment.

At locality A460, an outcrop of very fine, silty sandstone, there

occurs a thin (3 or 4 inches) bed of numerous scattered fossils.

This

is a fortuitous preservation of an offshore accumulation of dead shells
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gathered together on the sea floor by gently wave action during an
instant of low sediment supply.

The fauna at locality A460 includes

several small bivalves such as Nuculana spp., Nucula sp., Tellinimera?
scitula, Granocardium sp., and Ostrea translucida.

The gastropod

fauna includes Oligoptycha concinna, Cylichna scitula, Cancellaria
siouxensis, Drepanochilus evansi, D. nebrascensis?, Graphidula?
cretacea, Amuletum (Lutema) sp., Euspira rectilabrum, E. obliquata,
and Goniocylichna bisculpturata.

At locality A480 the bivalve fauna

is very similar containing all those mentioned above plus a small
undetermined mactrid.

The gastropod fauna includes Oligoptycha con-

cinna, Cylichna scitula, Euspira obliquata, Rhombopsis subturritus
(small), Cryptorhytis? flexicostata (small), Piestochilus feldmanni,
Neritina loganensis, Dakotia insculpta and Goniocylichna bisculpturata.
At a slightly different horizon in the same outcrop Crassostrea subtrigonalis?, Corbicula, and Anomia also occur.

They are very highly

worn as were the two brackish water gastropods Neritina and Dakotia
(only one of each were found) from the horizon here discussed and
they must have been transported several miles to occur in this outcrop.
That the fauna is a death assemblage is readily apparent in
both instances.

Specimens of every gastropod species excepting

Oligoptycha concinna, Rhombopsis subturritus, Piestochilus feldmanni,
and Neritina loganensis has been bored by some predator (Euspira?) and
were dead before burial.

Many of the bivalves were also bored.

Numer-

ous small, 1/4 to 3/4 inch, scaphopods at each locality were bored as
well.

The environment was one of gently accumulating dead shells, most

not far from their living places.

Bivalves are usually conjoined;
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ornamented gastropods generally show prosopon preserved even on the most
delicate form, Cancellaria siouxensis.

At locality A480 currents were

somewhat stronger than at A460, resulting in occurrence of some larger
species and presence of the brackish water forms.

All of these shells

would be quickly destroyed if moved into the zone of high wave energy
during a storm.

As they appear here they record shell aecumulations,

probably in very shallow depressions of the bottom, by action of mild
currents during periods of low rates of sedimentation.

These deposits

are very thin beds but they contain elements of the fauna and associations never before recorded from the Fox Hills Formation.

Storm depo-

sits and concretions are the most studied, but they do not afford a
true representation of the fauna.

1

More thin beds such as those at

the above localities should be located.·
A summary of these data as they relate to deposition of various
Fox Hills lithofacies is presented in Figures 8, 9, and 10 herein.
sources of sediments are strictly schematic.

The

They probably originated

from multiple deltaic complexes one of which may have been located in
eastern Morton or in Burleigh County assuming that the Timber Lake spitbarrier bar complex migrated south-southwestward as Waage (1968) indicated.

The effect of storms scouring and redepositing sediments has

complicated paleoenvironmental interpretation more than previously
realized.
Gastropod synecology.--The composition of the Fox Hills gastropod fauna of North Dakota permits several comparisons with other North
American Maestrichtian faunas.

Table 1, a list of Fox Hills species

determined in this study is included here to acquaint the reader with
the fauna for the discussion which follows.

As illustrated by the
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Fig. 8.--Environmental conditions in south-central North Dakota
at beginning (Trail City and Timber Lake) of Fox Hills
deposition.
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Fig. 9.--Environmental conditions and lithofacies relationships in
south-central North Dakota midway through Fox.Hills
deposition. (For location see Figure 8).
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Fig. 10.--Environmental conditions and lithofacies relationships in
south-central North Dakota late in Fox Hills deposition.
Upper unit is "unnamed" member. Oyster reef occurs in
Logan County. (For location see Figure 8).
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TABLE 1
LIST OF GASTROPOD SPECIES FOUND IN THE FOX HILLS FORMATION
(MAESTRICHTIAN) OF NORTH DAKOTA
STREPTONEURA
ARCHAEOGASTROPODA
Trochidae -- Genus and species uncertain
Neritina Zoganensis n. sp.
MESOGASTROPODA
Dakotia wyomingensis
D. inscuZpta
Spironema tenuiZineata
Syncera? sp.
DrepanochiZus evansi
D. nebrascensis
Vanikoropsis nebrasaensis
Euspira rectiZabrwn
E. obZiquata
E. subarassa
E.? dakotensis
Semitriton buacinoides
NEOGASTROPODA
Rhombopsis subturritus
GraphiduZa auZbertsoni
G. ? aretacea
PiestoahiZus scarboroughi
P. feZdmanni n. sp.
P. gaZpiniana?
Heraorhyncus (Heraorhyncus) hoZZandi
Serrifusus dakotaensis
Remera? avanaarai n. sp.
?Cryptorhytis fZexiaostata
Pyropsis bairdi
Perissitys? n. sp.
Perissitys? sp.
CanaeZZaria siou.xensis n. sp.
Amu.Zetum (AmuZetwn) minor
A. (Lutema) sp.
Genus and species uncertain
EUTHYNEURA
OPISTHOBRANCHIA
OZigoptyaha aonainna
EZZipsosaapha cf. E. minor
CyZiahna saituZa
C. vo Zvaria?
Gonioayliahna bisaulpturata
Gonioayliahna? sp.

n. sp.
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previous discussion, gastropods, as they are preserved in the formation,
and no doubt as they lived, are facies fossils.

No specimen has been

proven to my satisfaction to have been found in the exact location or
lithofacies in which it lived, although many are not far removed.

For

this reason many conclusions drawn from faunal associations as preserved
are spurious and will be treated in a cursory manner herein.

There are

certain broader comparisons which are of major import, and I have concentrated on these conclusions.
Sohl (1967b) presented a fairly thorough treat,ent of paleogeographic ranges and distributional trends of Upper Cretaceous gastropods.
He presented a compilation of Gulf Coast and Western Interior faunal
compositions based upon his experience and faunas known at that time.
He recognized 125 genera from the Western Interior but stated (p. 3)
that,

11

A full taxonomic study would probably increase this number by

some 5 to 10 percent. 11

My study has introduced eleven genera to the

Western Interior occurrence data.

Several of these are due to sub-

division of some long standing "form genera" such as Fasciolaria
sensu Meek and Hayden (1856).

One is a newly described genus holding

forms previously recognized in the Western Interior, and seven have
never before been formally described from the area.

These include

Syncera, Hercorhyncus, Remera, Perissitys, Cancellaria, Amuletum
(Lutema) and Goniocylichna.

Of these Sohl (1967b, p. 30-35) listed

an undescribed form of Hercorhyncus sp. and an Amuletum (Amuletum)
from older Western Interior deposits but there were no descriptive
data presented in connection with the record.
His comparison with Gulf Coast faunas was presented graphically
(p. 2) using percentage of genera found from classes of the Streptoneura
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and a composite of Euthyneura.

I have presented his data in Figure 11

along with Fox Hills data from North Dakota.

Examination indicates that

there is general agreement with his data except in the Euthyneura and
the Mesogastropoda.
Euthyneuran genera compose nearly 17 percent of the fauna, more
similar to Gulf Coast associations than Western Interior faunas.

This

is probably due to discovery of the low energy shell accumulations of
small species, not generally preserved in sandy facies which contain
most of the Western Interior gastropod faunas (Sohl, 1967b, p. 3).
Secondly, it results from the introduction of a Mississippi Embayment
genus, Goniocylichna, to the faunal lists of the Western Interior.
The substantially smaller number of mesogastropod genera is the
result of reassignment of several naticid genera to Euspira, which group
should be examined more critically in records of other areas.

A

reexam-

ination would most likely cause similar reduction in their faunas as
well.

It is also a partial reflection of collecting.

Turritella is as

yet conspicuously absent from the North Dakota fauna although I have
collected it in South Dakota.

A specimen from those collections is

illustrated in Figure 13 of Plate 3 herein.
The dominance of the neogastropods within the Streptoneura as

opposed to dominanca by archaeogastropods during the Triassic and by
mesogastropods during the Jurassic and earlier in the Cretaceous noted
by Sohl (1964, p. 152) is in keeping with most Maestrichtian faunas he
examined.

It is quite similar to the faunal composition of both the

Ripley and Navarro faunal compositions although each of these has four
or five percent fewer neogastropods.
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STREPTONEURA

[Ifil]}

Arch aeogastropoda

Mesogastropoda

Neogastropoda

GULF

COAST

FOX HILLS

FORMATION

IN NORTH DAKOTA

EUTHYNEURA

WESTERN

INTERIOR

Fig. 11.--Comparison of compositions of midcontinent Upper Cretaceous
gastropod faunas (data from Sohl, 1967b) with Fox Hills
fauna of North Dakota. Arc length proportional to percentage of genera of fauna in each taxon.
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Several trophic levels are represented in the Fox Hills gastropod fauna.

Their feeding habits will be presented here as they pertain

to synecologic relationships and will not then be discussed under autecologic discussion.

The best compilation of gastropod feeding habits

is that presented by Graham (1955).

I have extracted from his data

and that of other workers the feeding habits of genera or families
which have near relatives in the Fox Hills fauna.

These data are pre-

sented in Table 2 herein arranged as closely as possible in trophic
levels.

It is apparent that primary consumers such as the vegetarian

archaeogastropods are poorly represented.

Sohl (1967a) commented on

a similar condition in the Pierre Shale fauna of Red Bird Wyoming.
Such forms are much more common in Gulf Coast faunas.

I doubt that

this can be construed to indicate low levels of primary production of
larger algae in the Fox Hills sea unless one also postulates considerably cooler water conditions and thus a latitudinal effect in the
Maestrichtian.

There are other data which indicate that this may

have been the case, but they are less conclusive than I would wish.
Numbers of detritus feeders are reasonable and seem to compliment

similar aspects of the bivalve fauna.

There was no lack of

particulate detritus in any Fox Hills lithofacies except the fairly

high energy depositional environment of the unnamed sandstone member
high in the section.
at this trophic level.

Drepanochilus is a conspicuous faunal element
It is not as common as in many Pierre Shale

faunas (Sohl, 1967a), however, and probably occupied areas of slower,
more fine-grained deposition though it is found in sandy units of the
formation.

These occurrences are the result of transport.
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TABLE 2
PROBABLE FEEDING PREFERENCES OF FOX HILLS GASTROPOD GENERA
BASED ON MODERN RELATIVES
Holocene
Genus or Family

Related Fox Hills
Genus

Food or
Feeding Habit

Trochus

Undetermined margaritinid

Algae, algal detritus

NePitina

Neritina

Microphagous

Littorina

Spironema

Fucoids, algal detritus

Rissoa

Algae, detritus

Melaniida.e(?)

Dakotia

Algae, vegetable
detritus

Aporrhais

Drepanoahilus

Microphagous, diatoms

Natiaa

Euspira

Cymatium

Semi triton

Fasaiolaria

Graphidula
Piestoahilus

Carnivore, boring
molluscs
Carnivorous on
echinoderms
Carnivorous on
mollusks

Busycon

Pyropsis

Carnivorous on bivalves

Retusa

Gonioay Ziahna

Hyd:xiobia (Graham, 1955)

Saaphander

EZ Upsosaapha

Carnivorous on bivalves
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The carnivorous naticids, neogistropods, and euthyneurans are
predominant in numbers of species and often in occurrence on the outcrop.
Euspira outnumbers all others.

It probably plowed through silty sands

of broad shelf areas in search of prey (bivalves or gastropods).

It was

frequently thrown into barrier bar deposits of the Timber Lake Member
along with other carnivores such as Graphidula and Piestochilus.

In

order to support this carnivorous population one would expect large
populations of individuals (and species) of primary and some secondary
consumers.

Numbers of gastropods preserved are not indicative of this

conclusion which serves as yet another indication of the rather poor
overall preservation of the entire Fox Hills invertebrate fauna.

The

following genera of sniall gastropods have been found with characteristic countersunk naticid borings in their penultimate whorl.

Cylichna,

Goniocylichna, Graphidula? (G.? cretacea), Amuletum (Lutema), Cryptorhytis?, Cancellaria, and Euspira obliquata (immature).

Clearly these

form an important part of the food chain, yet only~- obliquata is common in outcrop assemblages.

It is bored only rarely and is probably

not a prime food source for members of its own genus.

Protocardia is

the only bivalve genus found in extremely large numbers such as might
supply a large carnivorous population and these occurrences are limited
to masses in concretions.
More significant than these conclusions regarding population and
faunal compositions are the opportunities for increased understanding of
paleogeographic relationships and origins of various components of the
Fox Hills molluscan fauna.

Sohl (1967b, 1969) has called attention to

the usefulness of gastropods for this type of interpretation in the
Cretaceous of the Western Interior.

Earlier Reeside (1957) had
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discussed potential faunal sources and migration routes open to Western
Interi~r mollusks.

These included Gulf Coast and Arctic sources, or at

various times both such sources.
mixed origins in the Interior.

This has resulted in a fauna with
He also noted that some Western Interior

faunas had a large endemic aspect.

The Fox Hills fauna has been con-

sidered by many to have the greatest such endemic character in the
region.

This study shows little indication of .endemism in the fauna.

There are indications that generic groups which arrived early in the
region underwent new directions of speciation in the Interior and subsequently migrated once more to their place of origin to produce new
characteristics in that stock.

The Graphidula culbertsoni group, prob-

ably followed this procedure.
The new data made available by this study are conclusive as to
faunal origin.

Of the Fox Hills gastropod genera only Dakotia is

endemic to the Western Interior and that only because it probably has
a freshwater origin.

Table 3 compares Fox Hills gastropod genera of

North Dakota with occurrences of the same or related genera from other
regions as compiled from the literature.

These data show the strong

influence of stocks from the Mississippi Embayment and Gulf Coast.
They also demonstrate influx of some Arctic forms very clearly.

New

records for Perissitys, Remera?, Amuletum, Hercorhyncus, Cancellaria,
Syncera?, and Goniocylichna strongly enhance this interpretation.
Their influences and origins are portrayed schematically in Figure 12.
The faunal influence from the Ripley of Mississippi and Tennessee is very strong, but this may simply be an ~rtifact of the
excellent preservation of the Coon Creek molluscan fauna.

Feldmann

(1967, p. 56, 57) has noted.a similar general relationship for the
bivalve fauna, however.

TABLE 3
COMPARISON OF FOX HILLS GASTROPOD GENERA WITH OCCURRENCES OF THE SAME, OR CLOSELY
RELATED, GENERA FROM UPPER CRETACEOUS ROCKS OF CENTRAL AND WESTERN NORTH AMERICA
Wade (1926)
Sohl (1960, 1964)
Ripley Fm.
Miss.-Tenn.

MargariteUa
Neritina
Drepanochilus
Euspira

Stephenson
(1941)
Navarro Gp.
Texas

Margaritella
Neritina
Drepanoohilus
Spironema
Euspira

?

CanaeUaria?
Remera
Amuletum
Caveola
Rhombopsis
Cryptorhytis?
Hercorhyncus
GPaphidu z:a
Pies toe hi lus
Pyropsis

BoneUitia?
Remera
Amuletum
Caveola
Rhombopsis
Cryptorhytis?
Hercorhyncus
Graphidula
Piestochilus
Pyropsis

OUgoptycha
El Upsosaapha
Gon.iocy Uohna
Cyliahna

OUgoptyaha
El Upsoscapha
?

? ?

Cyliahna

?

This Report
N. Dak.

Margaritinae

Neritina
Drepanochilus
Spironema
Vanikoropsis
Euspira
Cancellaria
CanoeUaria
Remera?
Amuletum
Semi triton
. Rhombopsis
Cryptorhytis?
Hercorhynaus
Graphidula
Piestochilus
Fyropsis spp.
Serrifusus
Perissitys?
Oligoptycha
EUipsosaapha
Goniocy Uchna
Cylichna
Dakotia

White (1889)
Whiteaves (1879,
1884, 1885, 1903)
Vancouver Is.

Solariella
Neritina?
Anchura

Stewart (1927)
Anderson (1958)
California
Pacific Coast

Margarites
?

Drepanoc hi lus?
?

Vanikoropsis
?

Euspira

°'
~

(?=Pyrifusus)

Serrifusus
(=Perissolax)
CinuUa
Hconinea
(?=Trochaoteon)

Serrifusus
Perissitys
Oligoptycha
( ?=Soap hande1°)

65

..

"'• . , ,,,,.

I

I

s.,,""•"•
?"

n<\
',J~
,·-·,
.- /\
:

a

I

i

'-•-,.J

0

•

I\

Q

/
/

I

'

Sync•ra
Remera
Pyr~~si&

"

Fig. 12.--Map schematically depicting probable area of origin for
selected gastropod genera in the Fox Hills Formation in
North Dakota.
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These data, interesting in themselves, have additional environmental significance when the appearance of the Fox Hills species is compared with southern relatives.

Many of the southern genera are rather

highly ornate in the southern rocks.

Examples of Hercorhyncus, Pyropsis,

Remera, Amuletum, and Rhombopsis show nodes, tubercles, or complex
raised rib and costae patterns of prosopon.

In every case these are

diminished, subdued, or absent entirely on the Fox Hills counterparts.
Furthermore the rarity of many of these forms creates the impression
that they were existing close to the northern limits of their range
and were frequently not abundant elements of the fauna, except perhaps
at particularly favorable periods of short duration.

Lack of complex

ornament may be attributed to both high energy water conditions and
colder water conditions, whereas range limitation indicates principally a latitudinal climatic, or temperature~ gradient of marine
conditions.
Presence of Perissitys and Serrifusus which have Pacific ranges
are indicative of similar conditions.

Neither seems to extend much

farther southward into the Western Interior.

Serrifusus is recorded

from the Pierre Shale fauna of Wyoming (Sohl, 1967a) and Sohl (1967b)
noted it from New Mexico.

These are earlier occurrences then reported

herein and may reflect previous range extensions southward under more
boreal conditions.

Since Serrifusus is a Pacific genus with closely

related species in California, British Columbia, and Japan, I do not
consider it endemic to the Western Interior and these range data are
taken to represent extensions under optimum conditions for the genus.
Jeletzky (1969, p. 890) described aspects of the "Northern
Pacific biotic province" which had a Tethyan aspect and the "Boreal
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Cretaceous biotic province" with an arctic or northern Eurasian influence.

His conclusions were based upon molluscan data, primarily

ammonites, and I am not prepared to assign elements of the Fox Hills
fauna to either province.

I do feel that the work of both Sohl and

Jeletzky enhance each other and that the data herein definitely show
the influence of latitudinal or some type of oceanic-current effect
upon Maestrichtian gastropod faunas of the northern Western Interior.
North and South Dakota were areas of overlap of these two influences
with the southern influence somewhat more dominant during Fox Hills
time.
Endemism is the result of local isolation and appears to be
very minor in the fauna.

One would expect it to be stronger in later

rocks such as in the Cannonball Formation of North Dakota.

A rapid

comparison of these faunas indicates this to be the case.

Only four

species of St•anton' s (1921) thirty-one gastropods overlap the boundary.

At the generic level, after reassignment of his taxa in view

of present taxonomy, there are only nine or ten which occur in both
formations with certainty.

Either the Cannonball fauna was influ-

enced from a very different source or it is distinctly more endemic
than that of the Fox Hills.
Further synecologic interpretations with regard to the Fox Hills
fauna are limited by poor preservation and sporadic accumulation of the
deposits.

The last observations to be made here deal with ichnofossils

and the distinct lack of other invertebrate material.

It seems strange

for instance that echinoids can be used as indices to various Cretaceous
strata of the Gulf Coast, yet their record is essentially nonexistent
in the nearshore sediments of the Fox Hills Formation, where one would
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expect to discover numerous examples.

Only one specimen has been

recorded, that of Harduinia waagei Holland and Feldmann 1967 from an
outcrop of the Timber Lake Member in Emmons County, North Dakota.
This outcrop is thoroughly infested with Ophiomorpha burrows and one
other newly recognized ichnofossil, but few other fossils are present.
For all the Ophiomorpha burrows that have been examined, only one
report of a single chelae has been recorded, that by Waage (1968) from
South Dakota.
The most likely outcrops to examine for new invertebrates should
be those which show no storm influence since most of the fauna to date
has been taken from storm deposits which are selective.
locality is such an outcrop.

The Harduinia

It has been occupied by Callianassa at

several intervals and should preserve infaunal invertebrates, rare
though they might be.

A second locality preserves similar conditions.

At A476 Ophiomorpha beds are again preserved at several horizons.

Among

the Ophiomorpha are numerous examples of the un~escribed ichnofossil mentioned above.

These consist of a series of radiating tubes, apparently

used for dwelling.
opening at the top.
structures.

They form a cone-shaped structure with a single small
Figures 13 and 14 of Plate 11 illustrate these

I am tempted to refer them to immature Callianassa which

must have made some sort of .structure prior to the burrows of adult
specimens that appear so frequently in the rocks.

They may as easily

be the work of some polycheate worm.
· Finally, the ~ccurrence of two carnivores is noted.
are a common element of the Ophiomorpha-Tancredia biofacies.

Shark teeth
Mollusk-

eating sharks have been reported by Waage (1968) and they must have
preyed upon gastropods as well as bivalves and cephalopods.

Cephalopods
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were a frequent item of the mosasaurian diet as well.

Kauffman and

Kesling (1960) have reported a mosasaur-bitten Placenticeras from the
Pierre Shale of South Dakota.
Dakota.

Now there is similar evidence from North

A specimen of Sphenodiscus lenticularis in the collections of

the University of North Dakota Geology Department clearly shows the
tooth impressions where it was bitten at least three times by a
mosasaur.

After death the remaining flesh was devoured by inverte-

brate marine scavengers which filled shell cavities with fecal pellets.
The entire specimen was encased in a concretion, the scavenging having
occurred after a rapid burial and before formation of the concretionary
halo.

This occurrence records a new genus in the mosasaur diet and

reinforces the scant evidence of mosasaur occurrence from the Fox
Hills Formation (Russel, 1967).
Gastropod autecology.--The nature of fossil deposits of the Fox
Hills Formation obscures autecologic relationships just as it did synecologic relationships.

The data presented here are merely a summary

of scattered occurrences.
Dakotia insculpta and D. wyomingensis allow most inference.
The specimen of D. wyomingensis (Figure 20 of Plate 3) has an erosion
pattern that is characteristic of many freshwater snails from which
shell material has been redissolved by waters of low pH.

The upper

whorls of many of these shells have been secondarily strengthened and
plugged by septa to alleviate the danger of erosional openings developing in the apex of the spire.

This erosion seems to have occurred

while the animal was alive or shortly thereafter.
secondarily modified by subsequent wave transport.

It has been only
Dakotia appears
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to be a true brackish water, occasionally even freshwater, form that
is common only in the upper transgressive sandstone of the formation.
Individual species which served as prey for carnivorous naticids have been listed previously.

Many of the shells at locality A454

seem to show effects of other predators.

Many had broken apertures,

particularly the numerous specimens of Euspira obliquata.

Some of

these appear to have been peeled open, an activity that has been
reported for several groups of decapod crustaceans by Shoup (1968).
Remains of the crustaceans themselves is lacking, but it is not
improbable to assume that they were an element of the invertebrate
fauna that foraged the nearshore environments during Fox Hills time.
Feeding habits of the various gastropods have been outlined
previously in Table 2.

There is no further data to add to their

individual living habits as result of this report.

Further'autecol-

ogy will have to wait until faunas are found unquestionably preserved
in the deposits of the environment in which they lived.

PROCEDURES IN SYSTEMATICS
Philosophy.--The philosophy applied to this study is oriented
toward the concepts of paleontological species, and typological species
due to the fossil preservation of the material and to the limited number of specimens (segments of a species population) currently available
for study from the Fox Hills Formation in North Dakota.

Soft-part

morphology and physiology have not been disregarded (Hubendick, 1954;
Graham, 1955), but often they can not be applied because of the absence
of pertinent biological and geological data (Speden, 1966).

Many

instructive concepts synthesized by Mayr (1970) have been considered,
and the dichotomy of classificatory concepts between fossil and recent
forms (Woodward, 1909) is acknowledged and hopefully not perpetuated
unduly herein.

I am aware of the numerous cur~ent studies of species

as units of paleobiologic communities (Bretskey, 1971; Spencer, 1970)
and of evolutionary concepts related to niche diversity, trophic level
and population dinamics (Van Valen, 1965; Valentine, 1968a, 1968b,
1969, 1970, 1971; Bretskey and Lorenz, 1970), but it is clear that no
intelligent application of these ideas can be made until some degree
of taxonomic standardization of the fauna is arrived at (the basic
purpose of my study).

If, after that, studies of community structure

and geographic diversity indicate flaws in the taxonomy as concluded
herein, adjustment may then be made on a more firm basis.
In attempting to provide taxonomic tools for the paleoecologist and systematist I have been basically conservative.
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I have not
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felt obliged to follow the usages of European workers such as Cossmann,
Thiele, Wenz, or Zilch who emphasize major division of groups at the
subgeneric level by a proliferation of such units.

Many of their major

generic groups probably represent affinities at the subfamilial or
familial levels and are frequently not, in my opinion, justified biologically or typologically.
Those taxa that I feel to be new have been compared to the best
of my ability with all possible potential synonyms.

Identifications of

most previously known'Fox Hills species were verified by examination of,
and comparison with, types in the collections of the U. S. National
Museum.

I have not split species groups of long standing (although at

least one, Graphidula culbertsoni, will probably warrant such treatment
later on), but I have reassigned several species-level taxa on the basis
of information published since their original descriptions.

A new genus

(Dakotia) is proposed for two forms which were clearly improperly
assigned and which could not be justifiably lodged in any recognized
genus within my ken.

The importance of this genus in discussion of the

Fox Hills Formation weighed heavily in favor of such action once the
forms were deemed morphologically distinct at the generic level.
Familial and higher-ranking, more-subjective taxonomic assignments
have been made with close attention to modern biological affinities and
morphologic and physiologic characters.

These were gathered from numerous

sources of which include Hyman (1967), Olsson (1970), and Wilbur and Yonge
(1964, 1966).

In most instances I have followed the usages of proven

merit set forth by various workers as described below.
Taxonomy.--In keeping with the conservative philosophy established
above, I have, in most cases, utilized the hierarchy of the Gastropoda as
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detailed by Taylor and Sohl (1962) who gave consideration to major features of import to biologist and paleobiologist alike.

Although this

classification subsumes knowledge of certain morphological features of
soft-part anatomy at the highest levels, it is designed to be useful
to the paleontologist with only the fossil specimens at hand.

I have

also applied refinements of this scheme as used by Sohl in 1964 and
1967.

Additional systems consulted include those of Keen (1963),

Thiele (1935), Wenz (1938), and Hyman (1967).
At generic levels, taxonomy was strongly influenced by the monographic treatment of the gastropod fauna of the Ripley, and associated
formations, set forth by Sohl (1960, 1964) and by his study (1967a) of
some Pierre Shale species in Wyoming.

Many preliminary determinations

were based originally upon the works of Meek and Hayden, Meek, White,
Stephenson, and Wade.

These were then updated in view of modern clas-

sification and comparison with types.
Because gastropods are often very highly and variably ornamented, one problem arises more frequently in their taxonomy than in
that of some other groups.

The problem is the consideration of the

taxonomic level at which value should be placed upon particular elements of prosopon.

Are these characters always distinguishable from

non-prosopon shell structure·s such as posterior canal, columellar
plaits or lip dentition?
In most taxonomic studies the more conservative morphologic
traits are felt to be Naluable at higher (family rank and above) taxonomic levels.

In gastropods, many of these vary significantly at the

generic level as well, and must be carefully scrutinized.

Species-

group taxonomy has often been based on minor variations of such
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features, when perhaps these variations are due to sexually or ecologically produced changes in shell morphology.

Similarly, much species-

level taxonomy is derived from characters of the prosopon wh~ch also
respond to environmental conditions and which are frequently lost
after death due to abrasion or poor preservation of the fossil material.
The prosopon of several genera of Fox Hills gastropods is
nearly identical.

Almost all Fox Hills forms are conservative in

sculpture, lacking long tubercles, highly cancellate patterns, strong
nodes, or frilly, multi-digitate outer lips.

Many such structures do

occur in southern and eastern faunas where they have been used taxonomically.
faunas.

They can not be so heavily relied upon in more northern

I have, therefore, attempted not to over-interpret value of

the prosopon while trying to use characters that are usually better
preserved and more "conservative" when making generic and specific
determinations.

Where these characteristics have been applied I

have generally commented on my usage or on my feelings with regard
to the level of their taxonomic significance.

It is clear that large

numbers of specimens from wide geographic and environmental ranges
are most desirable to define useful characters properly.

When they

are not available, comparison with previously identified taxa, experience, and an educated guess must be substituted.
With regard to synonymies I have followed primarily the practices set forth by Schenk and McMasters (1956).

I have attempted to

examine every citation used; in all but one instance I have done so.
The lists represent an attempt to catalogue all known name combinations previously employed for the taxon in question as represented
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in the published literature.

Unpublished assignments or combinations

have been omitted.
Terminology.--Terminology, particularly morphologic µsage,
employed herein is that used by current workers in the field with a few
exceptions.

Among the works consulted in this regard were Cox (1955,

1960), Powell (1961), and Sohl (1964, 1967b).

Size distinctions between

parallel terms such as costae and ribs, or chords and threads are empirical and no attempt has been made to quantify them as they are often a
function of the size of the specimen in question.
Measurements have been made according to the practices of Sohl
(1964, 1967a) since it is to his works that most Fox Hills species are
compared in the future.

Units of measurement are in the metric system

and are designated for each taxon.

Types of measurement are listed

below along with their abbreviations as used in the text:
DPW:

Diameter of the penultimate whorl measured normal to teloconch
axis of coiling.

MD:

Maximum diameter of the shell measured normal to teloconch axis
of coiling.

H:

Total height of the shell measured parallel to the ·axis of coiling.

HA:

Height of the aperture measured to include canals.

HB:

Height of the last ("body") whorl measured parallel to the axis
of coiling at its maximum, generally at the aperture.

PA:

Pleural angle of the spire, measured in degrees, tangent to the
last few whorls of the shell.
It was found that many of these measurements could not be

applied to all species, or even to all specimens of any one species,
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because of poor preservation and lack of sufficient individuals to
examine in each taxon.

All measurements made uniformly using a Glogau

No. 12 vernier caliper and a contact goniometer.

SYSTEMATIC PALEONTOLOGY
The following systematics of the gastropod fauna of the Fox
Hills Formation in North Dakota are compiled from collections of the
University of North Dakota Department of Geology, the U. S. Geological
Survey, and the U. S. National Museum.
donated by private collecto~s.

Specimens have also been

The record is as complete as present

collections allow, but lacks several forms found in the type area of
the Fox Hills Formation in South Dakota.
As described herein, the fauna contains thirty-seven species
in twenty-four genera.

One genus, Dakotia, is described.

Five

species are described as new, one is thought to be new but is undescribed due to lack of material, and three species are unassigned
for the same reason.

These taxa are arranged in eighteen families

in fourteen superfamilies representing four orders and two sub-

class~s of Gastropoda.

The composition of the fauna haa been dis-

cussed in detail earlier.

It is described here accord~ng to the

following systematic listing:
Phylum MOLLUSCA
Class GASTROPODA
Subclass STREPTONEURA
Order ARCHAEOGASTROPODA
Superfamily TROCHACEA
Family TROCHIDAE
Subfamily MARGARITINEA?
Genus Uncertain
Species Uncertain
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Superfamily NERITACEA
Family NERITIDAE
Genus Ncritlna

N. loganensis n. sp.
Order MESOGASTROPODA
Superfamily CERITHIACEA
Family Uncertain
Genus Dakotia n. gen.
Q_. wyomingensis (Meek)
Q_. insculpta (Meek)
Superfamily LITTORINACEA
Family LITTORINIDAE
Genus Spironema
S. tenuilineata (Meek and Hayden)
Superfamily RISSOACEAFamily SYNCERATIDAE
Genus Syncera?
Syncera? sp.
Superfamily STROMBACEA
. Family APORRHAIDEA
Genus Drepanochilus
D. evansi (Cossmann)
D. nebrascensis? (Evans and Shumard)
Superfamily HIPPONACEA
Family VANIKORIDAE
Genus Vanikoropsis
V. nebrascensis (Meek and Hayden)
Superfamily NATICACEA
Family NATICIDAE
Subfamily GYRODINAE
Genus Euspira
rectilabrum (Conrad)
E. obliguata (Holland Meek)
E. subcrassa (Meek and Hayden)
E. dakotensis (Henderson)
Superfamily TONNACEA
Family CYMATIIDAE
Genus Semitriton
S. buccinoides (Meek and Hayden)
Order NEOGASTROPODA
Suborder STENOGLOSSA
Superfamily BUCCINACEA
Family MELONGENIDAE
Genus Rhombopsis
R. subturritus (Meek and Hayden)
Family FASCIOLARIIDAE
Subfamily FASCIOLARIINAE
Genus GraPhidula
Q_. culbertsoni (Meek and Hayden)
Granhidula? cretacea (Meek and Hayden)
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Genus Piestochilus
P. scarboroughi (Meek and Hayden)
P. feldmanni n. sp.
!'_. galpiniana? (Meek and Hayden)
Subfamily FUSININAE
Genus Hercorhyncus
Subgenus Hercorhyncus (Hercorhyncus)
(H.) hollandi n. sp.
Genus Serrifusus
.§_. d~kotaensis (Meek and Hayden)
Genus Remera
R.? cvancarai n. sp.
Genus Cryptorhytis
?C. flexicostata (Meek and Hayden)
Family XANCIDAE
Subfamily VASINAE
Genus Pyropsis
P. bairdi (Meek and Hayden)
Genus Perissitys
Perissitys? n. sp.
Perissitys? sp.
Suborder NEMATOGLOSSA
Superfamily CANCELLARIACEA
Family CA.i.~CELLARIIDAE
Genus Cancellaria
C. siouxensis n. sp.
Suborder TOXOGLOSSA
Superfamily CONACEA
Family TURRIDAE
Genus Amuletum
Subgenus Amuletum (Amuletum)
A. (A.) minor (Evans and Shumard)
Subg~nus kn1.1let\lln (Lutema)

. A. (t~J sp.
.....
Familial and lesser taxa uncertain
Subclass EUTHYNEURA
Order OPISTHOBRA..~CHIA
Superfamily ACTEONACEA
Family RINGICULIDAE
Genus Oligoptycha
O. concinna (Hall and Meek)
Superfamily PHILINACEA
Family SCAPH.ANDRIDAE
Genus Ellipsoscapha
E. cf. E. minor (Meek and Hayden
Family ACTEOCINIDAE
Genus Cylichna
C. scitula (Meek and Hayden)
C. volvaria? (Meek and Hayden)
Genus Goniocylichna
G. bisculpturata Wade
Goniocylichna sp.

SYSTEMATIC DESCRIPTIONS

Phylum MOLLUSCA
Class GASTROPODA
Subclass STREPTONEURA
Order ARCHAEOGASTROPODA
Superfamily TROCHACEA
Family TROCHIDAE
Subfamily MARGARITINAE?
Genus and species uncertain
Plate 3, Figures 1-6
Material.--Five incomplete specimens extracted from sandstone
concretions.

These specimens were partly weathered prior to removal

from the concretion.

This had affected most·adversely the outer shell

layer carrying the oroamentation and the early teloconch and protoconch
whorls.

Measurements of those figured are as follows:
H

MD

PA

UND Cat. No. 13460.

O. 6+ cm

1.0 cm

92

UND Cat. No. 13461.

O. 6+ cm

1.0 cm
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Discussion.--This species may belong to any of several genera
including Margarites, Margaritella, Atira, and Solariella.

These are

indicated by the general size and trochoid aspect of the shell and the
pearly, narcreous layer of shell some of which is preserved.

Before

extraction from the rock, the whorls may have been ornamented by
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collabral(?) grooves or striations but none were definitely preserved.
In general appearance the shells are small, trochoid and deeply umbilicate.

The periphery of the last whorl has a tendency to be acute ante-

riorly, producing a broad, convex, posterior slope and weak, anterior,
carina-like flexure of the outer lip as seen on Plate 3, Figure 1.

The

umbilicus does not seem to have been circled by any type of angular
ridge or cord but this type of prosopon is not reflected in lower shell
layers and the ornamental layer is absent so the question is open.
The decision to place these specimens in Margarites, Atira or
Solariella, all common, Maestrichtian, Western Interior genera, would
rest upon th~ character of the missing umbilical ornament, whereas
assignment to Margaritella would require presence of a noded ridge on
the early teloconch whorls--also not preserved.
his

~Then Meek discussed

Margarita 11 nebrascensis (==Atira nebrascensis) in 1876 he illus-

11

trated several small forms assignable to that species but included
(plate 19, figure 9b) one much larger form under the same name.
A. nebrascensis were from the Pierre Shale of South Dakota.

His

The large

form, which Sohl (1967a, p. Bll) said was an undescribed species lacking umbilical nodes and subsutural sculpture, is from the Fox Hills
Formation at "Long Lake" (Meek, p. 299).

The location of Long Lake

(==Yanktonin"), based upon the research of Waage (1968), is in North
Dakota.

My specimens resemble Meek's in general form, but without

ornament they are indeterminate.
In general shape the specimens at hand resemble more closely
Solariella (Radiatula?) occidentalis Whiteaves (1903, p. 368) as he
illustrated it on plate 43, figures 5 and 5a.

Whiteaves' species can-

not be placed to genus with any certainty from his figure or description,
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however, and may be a large Atira.

Sohl (1967a, p. Ell) said that Meek's

undescribed specimen lacks umbilical nodes but that is impossible to
determine from Meek's figure 9b.

If they are present, Meek's specimen

may be conspecific with Whiteaves' _§_. R. occidentalis and with my material.

Well-preserved material must be located before the issue is

resolved.
Types. --Hypo types UNO Cat. Nos. 13460., artd 13461.
Occurrence.--From concretions in the Timbe:r Lake Member at localities A740 and A458.
Geologic range.--Maestrichtian?
Superfamily NERITACEA
Family NERITADEA
Genus Neritina Lamarck, 1816
~

species (by subsequent designation of Children, 1823, p.

111, in Kennard, et al., 1931, p. 24).--Nerita pulliger Linnaeus, 1767.
Generic diagnosis.--Subrhomboid, abruptly-expanding, bluntspired shell~, generally having first whorl or two depressed and
encircled by later whorls, last whorl being completely exposed.

Sur-

face smooth, sutures flush to slightly impressed, sides of whorl flat
or gently convex; aperture crescentic; outer lip smooth or interior
weakly denticulate; inner lip thickened into callus completely covering umbilical region, and with or without teeth(~~ Sohl, 1960).
Remarks.--This diagnosis treats Neritina in the strict sense and
does not consider forms now referred to Velatella Meek.
widely reported Western Interior genus.

Neritina is

It is generally taken to be

indicative of estuarine or littoral conditions of deposition.

Meek
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(1873, p. 499-500), White (1879, p. 308; 1883, p. 25-6), Stanton (1947,
. p. 63), Stephenson (1946, p. 181), and Sohl (1960, p. 63) have all
described Neritina from the Cretaceous of the midci::mtinent, and most
have alluded to the littoral and estuarine habitat preference of the
genus.
Neritina is rare in the Fox Hills Formatio::i. of North Dakota.
One Fox Hills record is that of White, 1879(b) (p. 309) from, "Cretaceous strata, Fox Hills Group; valley of Sulphur Creek, near Hilliard
Station, Union Pacific Railroad, Wyoming" which is the type locality
of Neritina incompta White.

I am uncertain as to the exact correlation

of these strata because usage of the term "Fox Hills" has in the past
been rather broad the farther a worker was from the type area in South
Dakota.

The report herein is the first documented occurrence of the

genus in the Fox Hills Formation.
Geologic
Neritina loganensis n. sp.
Plate 3, Figures 7-9
~=:::....;;..;;.;;.;;;;;.;;;;..;;;,t_

--The holotype is from U.S.G.S. locality 16002:top

of ridge+ 600 feet W. of township line in sec. 36, T. 141 N., R. 73 W.,
about 10 miles N. of Steele, in Kidder County, North Dakota (=UND locality A454); paratype from UND locality A480, center sec. 21, T. 134 N.,
R. 71 W., Logan County, North Dakota.
Diagnosis.--Shell high for genus; outer lip not expanding abruptly,
smooth on interior; inner lip bearing three teeth, posterior most strongest, bent slightly toward middle tooth which bends toward it producing a
mild, bow-legged appearance for the two; lowest tooth parallel to middle
one.

Ornament lacking save for faint growth lines.
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whorls almost completely hidden by last whorl.

Outer lip not expanding

or flaring outward abruptly as in many Neritina, free of denticles on
inner surface, not thinning markedly at edge; inner lip forming a thick
callus or boss covering base of columella and umbilicus completely, producing an anomphalous condition; mid portion of inner lip bearing three
strong teeth, posterior tooth largest, others slightly smaller and of
equal size.

Smaller teeth parallel, tilted slightly posteriorly; pos-

terior tooth straighter, tilted very slightly toward the anterior;
aperture crescentic.

Shell of holotype a uniform grayish brown color

with no color bnnding and ornamented only by very fine collabral growth
lines; suture barely impressed.

Pleural angle approximately 60 degrees.

Protoconch worn on holotype, depressed.

conch.

One badly decorticated specimen preserving only a portion of the

last whorl and entire tooth bearing callus of inner lip.

Measurements

of complete specimen given below:

U.S.G.S. specimen
(from loc. 16002), holotype

H

MD

PA

0.9 cm

0.8 cm

60

N. pisum (=N. pisiformis) Meek from the Coalville Upper
Cretaceous of Utah.

Meek (1873) originally considered N.

to have

a smooth inner lip but, upon breaking it during extraction from concretionary matrix, he discovered its lip was "provided there with four
small denticles, the upper one of which is largest" (p. 500).
called the toothed form N. pisiformis, separating it from N.

Meek
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The holotype of!• pisiformis was later figured by White (1883a, pl. 12,
figs. 9a, b, c).

Stanton, upon cleaning the aperture of N. pisum, found

it to be denticulate as well and placed!• pisiformis as a junior synonym of N. pisum (1893, p. 127).
I have examined the holotype of!· pisiformis (USNM 7885) at the
U.S. National Museum where it is housed with N. pisum Meek.

It has a

lower spire than N. loganensis and the posterior tooth seems to be more
reduced.

The teeth on Meek's holotype are difficult to interpret since

his specimen is broken partially across them.

I saw only three teeth,

but the fourth may well have been lost in subsequent handling, or I may
have misinte~preted it.

None of his other specimens expose the dentition

and Stanton said nothing about the number of teeth in his discussion.
For this reason I have relied upon Meek's original description to differentiate!· loganensis from N. pisum (=N. pisiformis).

If, at a later

time, his species is proved to bear only three teeth N. loganensis may
be a synonym of N. pisum.
This represents the first record of Neritina from the Fox Hills
Formation in the type area and the first occurrence from North Dakota.
It further reduces the endemic character of the fauna generated by our
incomplete early knowledge of Fox Hills gastrapods.
Etymology.--The species is named for Logan County, North Dakota
where the paratype was collected.
Types.--Holotype from U.S.G.S. locality 16002 (=UND locality
A454).

Paratype UND Cat. No. 13465.
Occurrence.--The paratype was collected from fine sand and silt

of the Trail City Member at locality A480.

I do not believe the animal

lived in conditions represented by these deposits and its extremely worn
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condition, suggesting much transport, corroborates this conclusion.
label for U. S. Geological Survey locality 16002 reads:

The

"Fox Hills?

A. Balban Ranch about 10 mi. N. of Steele, N. Dak. + 600' W. of township
line in sec. 36, T. 141 N., R. 73 W. on south slope of high point on
ridge, near top of ridge.

June 19, 1931.

R. W. Brown, J. Murata."

Strata at this locality occupy a position in the upper, unnamed, buttecapping sandstone which contains the Crassostrea-Dakotia "estuarine"
faunule.
Geologic range.--Maestrichtian.
Order MESOGASTROPODA
Superfamily CERITHIACEA
Family Uncertain
Genus Dakotia n. gen.
~

species (by original designation).--Melania Goniobasis(?)

wyomingensis Meek, 1873, U.S. Geol. Survey Terr., 6th Ann. Report, p.
516.
Generic diagnosis.--Medium-sized for the family, moderately
thick, cerithiform, shells, early whorls flat-sided becoming more convex or shouldered at maturity; columella smooth, offset at an angle of
approximately 12 degrees to axis of spire.

Aperture unknown except

from collabral growth lines showing a strong, opisthocline curve forming a sinus midway down the whorl from there trending prosocline to the
base where they bend sharply opisthocline once more before wrapping onto
the columella; prosocline curve of outer lip producing an anteriorlyelongate lip.

Inner lip with a thick layer of callus.

elliptical, lacking an acute posterior angle.

Aperture almost

Shells highly ornamented
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with acute threads or fine cords and axial ribs causing nodes or spines
at their intersections.

Pleural angle variable, 12 to 21 degrees.

Protoconch unknown.
Description.--High-spired, conical shells of at least ten whorls.
In youth, nearly flat-sided with slightly impressed suture, remaining
unchanged as the adult whorls become more convex, occasionally even
shouldered.
edge.

Spire extremely acute and not known completely to my knowl-

Columella offset and forming an angle of about 12 degrees with

axis of spire as in many cerithiaceans.

Early whorls frequently plugged

with a septum perhaps as an aid in resisting shell erosion.

Outer lip,

as exemplified by collabral growth lines, sinuous with strong opistocline trend from suture to base of anterior slope where it is prosocline;
from base of anterior slope to columella is another small, opisthocline
trend to point where lip joins base of columella.

Trace of such an aper-

ture is not seen in any other cerithiacean genus to my knowledge.

Aper-

ture nearly elliptical, but probably slightly more elongate anteriorly
due to basal, anterior extension of outer lip.

Inner lip and columellar

wall covered with. substantial callus, and shells are anomphalous.
pon complex, and if infraspecific value taxonomically.

Proso-

It consists of

strong, raised, sharp- edged threads or lirae sometimes reaching strength
of fine cords, generally five to seven on younger whorls, more on last
whorl.

Lirae superimposed upon ribs that may be straight or with an

opisthocline curve posteriorly.

Pointed nodes, on some forms becoming

highly produced flat spines, are produced at intersections of these two
prosopon patterns.

Growth lines very fine, collabral.

Pleural angle

quite variable (12-21 degrees) and may be of little taxonomic value
even at the specific level.

Protoconch is unknown.
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Remarks.--The species herein referred to this genus are two of
the most widespread and most common gastropods in the upper Fox Hills
Formation.

Because they are close to several other taxa, and because

their apertural characteristics have never been described they have
remained shrouded with doubt since their description.

If they are to

be used in proper paleontologic and paleoecologic perspective, I feel
an attempt should be made to clarify their relationships.
Both species were described by Meek in 1873 at which time the
following degree of doubt was also placed upon them:
It is not probable that .this shell belongs properly either to
the genus Melania or Goniobasis, as those genera are now restricted
by the best authorities in conchology; though I have little doubt
that it will fall into Melania, as defined and understood by those
who give greater latitude to genera. It is probable that when its
aperture can be seen, it will be found to present characters that
would warrant its separation under a new generic name. I suspect,
indeed, that some others of our fossil-shells of this kind, from
the fresh and brackish water-beds of the Rocky Mountain region,
will be found to belong to several undefined groups; but until
better specimens can be obtained, we can only range them provisionally under the established genera to which they seem to be
most nearly allied. Undoubtedly at some future time specimens
will be found sufficiently well preserved to enable the paleontologist to classify them more correctly. It seems desirable, however, in the mean time to define them, so that they can be used
by geologists in identifying strata, as it may be ages before
perfect specimens can be found; while those we now have can be
readily identified specifically by their ornamentation and other
well-marked characters.
Meek's assignments to Goniobasis? and Melania Goniobasis(?)
reflected the trend and state of knowledge of freshwater gastropod
species at that time.

This was reflected later by Meek (1876, p. 560-

61) in a discussion of Goniobasis, species of which he and Hayden
(various dates) had originally assigned to Melania.
Until comparatively recently, the species of this extensive
genus were very generally referred by American and European
authorities to the genus Melania. H. and A. Adams, in their
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valuable work on the Genera of Recent Mollusca, however, separated many of them under different sections of that and several
allied groups, placing them in connection with foreign types,
belonging, according to later classifications, to different
genera from all of our American species, which are now, by high
authorities, even ranged as a distinct family from the foreign
Melanians.
Professor Haldeman first noticed the fact that all of the
American types of so-called Melanians, including this and several

allied genera, differ from the trua Melaniidae of Eastern countries, in having the mantle-margin not fringed. This character
was also noticed at a later date by. Professor Gill, who proposed
to separate the American genera, as a distinct subfamily of
Melanians, under the name Ceriphasinae.
It is interesting to note that neither "Melania" wyomingensis
nor "Goniobasis" insculpta were mentioned in Meek's (1876) monograph,
although they must have been known to him from his description in 1873.
This is probably due in part to his extended illness which was, even at
that time, affecting him as evidenced by the following quotation from
the cover page of the paleontological report (1873, p. 429):

"The author

was prevented by sickness from superintending the printing of this report,
and is under obligations to others for reading the proof.a
The next reference to the included species is White's in 1876
(p. 131) where he described M. larunda.

Later (1883a, p. 95) he recog-

nized his M. larunda to be a synonym of Meek's M.? wyomingensis.

At

that time he figured two specimens (plate 28, fugures 6a and b) neither
of which appears to be the type now at the U. S. National Museum and
figured herein (plate 3, fugures 22 and 23).

He also made the follow-

ing comment regarding generic placement (p. 96):
This description [of M. wyomingensis] is drawn mainly from my
type specimens of M. larunda, because they are much more perfect
than Mr. Meek's types are, and more perfect than any others yet
discovered. In its aspect and ornamentation this species is so
much like an Old World Melania that I prefer to assign it to that
species rather than to Goniobasis, with some forms of which it
agrees in general characteristics.
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Since the early workers there have been numerous references to
these forms but no thorough treatment of the two species comprising
=-:::..=.=..;;;..::.c.=

has been made.

The uncertainty of their assignment has con-

tinually been reflected by many competent workers as this statement on

==== from

Henderson (1935, p. 208) indicates:

"Possibly some or all

of these species should be assigned to some other genus, if not to some
other family. 11

In much of the present literature these forms are

referred to as "Melania" to signify the generic uncertainty.
As here described, the genus is characterized principally by the
deep broad sinus on the outer lip which is not characteristic of either
Goniobasis, Melania J!· ~- (=Thiara in part?), or any of the numerous
related cerithiacean genera figured by Wenz (1938).

Contrary to White's

belief as quoted earlier, I do consider Dakotia to be close to
The genus has a wide geographic range from Canada to New Mexico
and possibly into Mexico.

As used here it includes the type species

Dakotia wyomingensis (Meek) and Dakotia insculpta (Meek) and the possibility that Melania? whiteavesi Stanton and Hatcher, 1905
basis insculpta Dawson, 1875 not Meek; Melania insculpta Whiteaves,
1885 not Meek) may belong here as well is recognized but not assigned
as I have not viewed their material.

Stanton and Hatcher's plate 13,

figure 5 is suggestive of Dakotia insculpta~ but no growth lines can
be seen to portray the aperture •
.:;;;..;;;;.;;;..;;;,..;:.Ji~~range.--Maestrichtian.
Dakotia wyomingensis (Meek), 1873
Plate 3, Figures 20-23

---~s==-

Goniobasis(?) wyomingcnsis Meek, 1873, U. S. Gcol. Survey Terr.,
6th Ann. Rept., p. 516.
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131.
Melania wyomingensis Meek.

i.Jhite, 1883, U. S. Geog. and Geol. Survey

Terr., 12th Ann. Rept., pt. 1, p. 95, pl. 28, figs. 6a and b.

America Bull., v. 8, p. 144, 147.
Melania wyomingensis Meek.

Stanton, 1893, U. S. Geol. Survey Bull.,

v. 106, p. 42.

Melania?
Survey Bull., v. 257, p. 121.

Paper No. 3, p. 210.

Bull. 27, p. 128.
~

locality.--"Black Butte Station, Union Pacific Railroad,

Wyoming Territory.

Upper beds Bitter Creek series" (Meekt 1873, p. 516).

Diagnosis.--Shell attaining a rather large size, subterete, or
very elongate-conical; volutions about nine or ten, the upper ones

fl~ttened•conv@x, and tha lower two er threa moru promin~ne; suture
well defined but not deep. Surface of upper volutions ornamented
by small, regular, rather crowded, and slightly arched vertical
costae, crossed by five or six regular revolving lines, that impart
to them a granular or minutely nodular appearance; farther down,
the vertical costae become less and less distinct, so as nearly or
quite to disappear on the lower turns, while the revolving lines
become proportionally stronger, especially one a little above the
middle of each volution, which develops a revolving row of rather
distinct nodes that are compressed from above and below, so as to
become sharply prominent on the lower two volutions, thus giving
them an angular appearance; though the last one is rounded below
this angle. [Aperture unknown). (Meek, 1873, p. 516).
Material.--Measurements given here include those of the holotype
and two North Dakota specimens.
and upper portion of the spire.

All are incomplete lacking the aperture
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H

MD

PA

US11M 12491 holotype (?)

4.4+ cm

1. 7

cm

22

USGS loc. 16002

3.2+ cm

1.3 cm

22

1.0+ cm

21

UND Cat. No. 13449.

Discussion.--The diagnosis given above is quite complete and I
see no reason to alter it.

The apertural characters are of generic sig-

nificance and pertain both to this and the succeeding species.
Dakotia :y;yomingensis is an "index11 to the upper blanket sand
unit of the Fox Hills Formation in North and South Dakota, a unit of
wide regional extent deposited in an area of mixed fresh and salt water
deposition, as discussed earlier.

It occurs also in marine units of

the Hell Creek Formation of North Dakota and its equivalent units (Lance)
in Wyoming and Colorado.

Further discussion will be included with that

of D. insculpta.
Types.--Holotype (?) USNM 12490; Hypotypes, USG$ locality 16002;
UND Cat. No. 13449.

Occurrence.--D. wyomingensis occurs associated with the
Crassostrea-Dakotia "estuarine" faunule at localities A454, A480, A470,
and A601 in a "salt and pepper," medium-grained, moderately indurated
sandstone belonging to the upper, unnamed member of the Fox Hills Formation.

It also occurs at numerous localities in the marine or brack-

ish facies of the Hell Creek Formation in Morton, Sioux, and Ennnons
Counties, North Dakota.
Geologic range.--Maetrichtian.
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Plate 3, Figures 16-19
Goniobasis? insculpta Meek, 1873, U. S. Geol. Survey Terr., 6th Ann.
Rept. , p. 515.
Goniobasis insculpta Meek.

White, 1876, Geol. Uinta Mtns., Powell Rept.,

p. 101.

Melania insculpta Meek.

White, 1879, U. S. Geog. and Geol. Survey Terr.,

11th Ann. Rept., p. 221.
Melania? insculpta Meek.

White, 1883, U. S. Geog. and Geol. Survey

Terr., 12th Ann. Rept., p. 94.
Melania insculpta Meek.
V.

50, p • 179.

Melania insculpta Meek.
V•

Stanton, 1910, Amer. Jour. Sci., 4th Serv.,

Calvert, et al., 1914, U. S. Geol. Survey Bull.,

5 75 , p . 14 ,

Melania? insculpta Meek.

Henderson, Geol. Soc. America Spec. Paper

No. 3, p. 208.
Melania cf. insculeta Meek.

Waage, 1968, Yale Peabody Mus. Nat. Hist.

Bull. 27, p. 128.
~

locality.--"Rock Spring, Wyoming, from a little above the

main ten-foot bed of coal at that locality.

Bitter Creek series" (Meek,

1873), p. 516.
Diagnosis.--Shell terete, or elongate-subconical, volutions
apparently about ten, convex, or sometimes flattened-convex,
increasing gradually in size; last one not much enlarged, and
without an angle around the middle, sometimes slightly concave
above in large specimens; suture well defined; aperture unknown.
Surface ornamented by distinct, regular, nearly straight, or
slightly arched vertical costae, about sixteen of which may be
counted on each volution, while crossing these are smaller, regular, deep, revolving furrows that_ cut each rib into little
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transverse nodes, which, from the obsolescence of the vertical
costae on the lower part of the last turn, become more or less
continuous revolving lines on that part of the shell (Meek, 1873,
p. 515).
Material.--Twenty-five fragments of two or three whorls each, but
none complete enough to warrant measurement.

Discussion.--All of the taxonomic conditions and morphologic variation that pertain to D. insculpta also hold for D. wyomingensis.

The

two are often found together consequently the paleoecologic and paleogeographic'comments above are similar and will not be repeated here.
It appears to me that there is yet some confusion, or lack of
understanding, between Dakotia wyomingensis and Dakotia insculpta as
figured on plate 3, figures 16-19.

All except figure 17 are illustra-

tions of U. S. National Museum types.

In every way the sculpture is

identical with that on the early whorls of D. wyomingensis yet some
attain a size as large as, or larger than, many spinose specimens of
that species.

It is possible that a complete series between the two

forms exists, or that these specimens represent sexual or ecotypic
variations of a single species.
To complicate this I have specimens of D. insculpta on which the
ribs are straight with no subsutural opisthocline curve.

It is possible

that types at the National Museum have been mixed, but the straightribbed variety is not represented among them.

Thus Dakotia :wyomingensis

has been considered herein to be that form which loses ribs and developes
spines on the later whorls.
The only data that may be added from my observations concern the
plugged, upper whorls of broken shells in this species.

Every specimen

of early whorls showed them to have been sealed off with a concave plug
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of shell material approximately every 170 degrees around the axis.

These

also occur in D. wyomingensis but are not easily seen on my specimens.
These septa reinforce the early whorls, which on many shells are worn
due to redissolving of the shell material while the animal was alive.
I have observed this in Goniobasis silicula from Oregon and Goniobasis
sp. from the Delaware River of northern New Jersey.

It is probable

that these septa are the result of the animal's defense against shell
erosion in riverine or estuarine environments where pH of the water
was not high enough to maintain unprotected carbonate shell material.
The shell of Q_. wyomingensis on plate 3, figure 20 shows this solution
erosion of the spire.

This is the first indication I am aware of that

may be indicative of the pH conditions in fresh or brackish water environments during Fox Hills deposition.
Types.--Holotype (and paratype?) USNM 12491a and b.

Hypotype

UND Cat. No. 13449.
Occurrences.--This species occurs with]., wyomingensis at localities A454, A470, A480, and A601 as a member of the Crassostrea-Dakotia
faunule of the upper Fox Hills Formation.
Geologic range.--Maestrichtian.
Superfamily LITTORINACEA
Family LITTORINIDAE
Genus Spironema Meek, 1864
Type species (by original designation).--Turbo tenuilineata Meek,
1864, Smithsonian Check-List North American Cretaceous fossils, p. 35.
Generic diagnosis.~Shell turbinate or subovate thin; spire
rather prominent; suture channeled; axis perforated; aperture
ovate, not modified by the body-volution above; peristome continuous; outer lip sparp; inner lip thin, not reflexed or
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flattened below, and only connected with the body-volution
toward the upper part of the aperture; umbilical perforation
small; surface with revolving lines and furrows (Meek, 1876,
p.

341).
Remarks.--This monotypic genus was erected by Meek on the basis

of a single specimen.

It is very close in many ways to Vanikoropsis, a

lower spired, thick-shelled form (in the case at least of V. tuomeyana,
the type species).

Spironema was said to be distinguishable by its

impressed suture, higher, terraced spire, free parietal wall at the
umbilicus, descending anterior edge of outer lip, and thin shell.
holotype, USNM, is figured on plate 4, figures 3 and 4 herein.

The

Much

of the unique character of this specimen is due to the condition of
the sutures.

In my opinion the terraced appearance and deep sutures

are caused in large part by preparation of the specimen and are artifacts of that process.

The impressed or channeled suture is probably

not a good diagnostic character.
Specimens referred to Spironema tenuilineata are done so on
the basis of thin shell, rather tall spire (PA= 70-80 degrees), free
anterior portion of the inner lip, and their being anteriorly produced.
In these respects they conform to Meek's (1876, p. 342) description.
Prosopon appears to be variable and very close to that of Vanikoronsis
making it less diagnostic.

Further discussion of these genera will be

found in my consideration of Vanikoropsis below.
Geologic range.--Late Campanian(?)-Maestrichtian.
Spironema tenuilineata (Meek and Hayden), 1856
Plate 4, Figures 3-5
Turbo tenuilineatus Meek and Hayden, 1856, Acad. Nat. Sci. Philadelphia
Proc., v. 8, p. 64.
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Spironema tenuilineata (Meek and Hayden).

Meek, 1864, Sm~thsonian Check-

List North American Cret. fossils, p. 19 and 35.
Spironema tenuilineata (Meek and Hayden).

Meek, 1876, U. S. Geol. Survey

Terr. Rept., v. 9, p. 342, pl. 32, figures 9a, b, c,
~

locality.--Fox Hills Formation on the Moreau River of South

Dakota.
Diagnosis.--Shell obliquely subovate, comparatively thin; spire
forming about half the entire length, apparently rather acute at
the apex; volutions about five and a half, prominently convex, last
one rounded and somewhat produced below; surface marked with fine
lines of growth, which are crossed by stronger, irregular, revolving lines, about equaling the grooves between; mucq finer, obscure,
revolving striae may also sometimes be seen by the aid of a magnifier, upon and between the larger lines. Aperture a little oblique,
very nearly ovate, but a little straighter on the inner than the
outer side; umbilicus small (Meek, 1876, p. 342).
Material.--Eight specimens, most broken.
MD

PA

2.o+ cm

1.6 cm

75
79

H
UND Cat. No. 899,
II

II

fl

900.

1. 7 (est, )cm

1.4+ cm

II

II

"

905.

2.1+ cm

1. 7 cm

Discussion.--As mentioned above the "excavated" suture and ornament are probably not diagnostic of this species.

One other form

.§_. perryi from the "Nacotoch Sand" of Texas was described by Stephenson

(1941, p. 273).

He distinguished the two by the following comparison:

Compared with Spironema tenuilineata Meek and Hayden, from the
Fox Hills formation of the Western Interior, this shell is
smaller, the spiral ribs are fewer, more regular, and more
widely spaced, the suture is less deeply impressed, and the
umbilicus is more nearly closed.
If a moderate variation of the prosopon of Meek's species is later
demonstrated this species of Stephenson may prove to be synonymous with

i•

tenuilineata.

before.

This species has not been reported from North Dakota
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Types.--Hypotype UND Cat. No. 902.
Occurrence.--Taken from concretions at locality A469 in the
Trail City (?) Member where they are rather common along with
vanikoropsis nebrascensis.
Geologic range.--Maestrichtian.
Superfamily RISSOACEA
Family SYNCERATIDAE
Genus Syncera? Gray, 1821
~

species (by monotypy).--Nerita Syncera hepatica (Gray),

1821, London Medical Respository, y. 15, p. 239.
Generic diagnosis.--Shell minute, turbinate or biconic. Whorls
feebly or not at all convex. Surface usually smooth except for
incrementals. Aperture holostomous, obliquely ovate or elliptical,
angulated posteriorly, broadly and smoothly rounded anteriorly.
Outer lip thin, sharp, simple. Inner lip formed by a heavy glaze
that washes the parietal wall and reinforces the pillar. Umbilicus
closed, or narrowly crescentic; the umbilical keel, if present, subacute or narrowly obtuse (Gardner, 194.7, p. 602).
Remarks.--The status of Syncera Gray is in some doubt.

Thiele

(1935, p. 169) made it a questionable synonym of Assiminea (Leach)

Fleming, whereas Wenz (1938) considered it a nude name and placed it in
synonymy with Assiminea.

The latter usage is not well documented and

seems drastic since Gardner (1947) has quoted a portion of Gray's
description of the animal.

.To compound the problem further, Wenz

assigned eight subgenera to Assiminea, none of which seems to be in
the sense of Syncera Gray as used by Gardner.

Since I am comparing

the Fox Hills form to Syncera as used by Gardner, particularly as
illustrated on plate 57, figure 9, I am using the genus in the sense
of her diagnosis as given above.
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My material superficially resembles several upper Cretaceous
forms.

It might be confused with members of Creonella, Pyramidella,

Tiberia, and Lacrimiforma if good detail of the columella were lacking.
All these genera possess one or more plaits, whereas the columella of
Syncera is smooth.

Odostomia Fleming is very close in form, but gen-

erally lacks a complete parietal and columellar glaze of callus encircling the entire appressed portion of the aperture as is present on the
North Dakota material.

Some Odostomia (sensu Wenz, 1938) also possess

a parietal fold high on the columella, again not characteristic of
Syncera.
Geologic range.--Maestrichtian to Holocene.
Syncera? sp.
Plate 10, Figures 6-7
Material.--One specimen with early whorls missing and anterior
portion of outer lip broken away.
preserved.

Slightly more than three whorls are

No columellar plaits are visible and the entire shell except

the aperture is filled by grains of fine sand.

The shell is 2.6 mm high

and 1.6 mm in maximum width.
Discussion.--This small shell, if correctly placed, represents
the first record of Syncera from the Fox Hills Formation.
to be no other Cretaceous species comparable to it.

There seem

Several small forms

such as Lacrimiforma secunda from the Ripley Formation are similar, but
as mentioned earlier all bear plaits on the columella contrary to my
form.
It is probable that the Fox Hills material represents an undescribed species, but additional, more complete material will be necessary
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before erection of a new taxon can be justified.

Preservation of such

a delicate specimen in the sandstone was fortuitous.

It will require

an extended search to obtain material suitable for proper definition of
the species.
Types.--Hypotype UND Cat. No. 13480.
Occurrence.--The shell was collected from butte-capping sandstone beds cropping out on Sibley Buttes at locality A454.

It is from

the top of the Fox Hills Formation.
Geologic range·. --Maes trichtian,
Superfamily STROMBACEA
Family APORRHAIDAE
Genus Drepanochilus Meek, 1864
~

species (by original designation).--Rostellaria americana

Evans and Shumard, 1857, St. Louis Acad. Sci. Trans., v. 1, p. 42 (not
R. americana d'Orbigny, 1842).
Generic diagnosis.--Medium-sized high-spired shells with
round-sided whorls. Initial sculpture of fine spiral threads.
Sculpture of spire commonly dominated by transverse ribs that
virtually disappear on body whorl; body whorl sculpture
dominated by two or three spiral cords or carinations with
upper carination continuous over single narrow upturned spur
of the expanded outer lip. Anterior canal short to moderate
length (Sohl, 1967, p. Bll-12).
Remarks.--This is certainly one of the most frequently observed
genera from the marine Upper Cretaceous and Paleocene marine rocks of
the Western Interior.

It has been reported widely from the Pierre Shale,

and Fox Hills and Cannonball Formations (Meek, 1876; Stanton, 1921; Sohl,
1960, 1967a; Cvancara, 1956; Brinster, 1970) as well as from strata of
the Gulf Coast (Stephenson, 1941, 1952).

According to Sohl (1967) the

genus is not common in rocks of the Mississippi Embayment and is lacking
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from the Atlantic Coast rocks of similar age.
latter province by Anchura and Graciliala.

It is replaced in the

Aporrhaid generic occur-

rences are summarized in Table 2 of Sohl (1967, p. Bl2).
Geologic range.--Aptian-Eocene.
Drepanochilus evansi Cossmann, 1904
Plate 3, Figures 10-13
Rostellaria americana Evans and Shumard, 1857, Acad. Sci. St. Louis
Trans., v. 1, p. 42 (non R. americana d'Orbigny, 1842).
Anorrhais americana (Evans and Shumard).

Meek and Hayden, 1860, Acad.

Nat. Sci. Philadelphia Proc., v. 12, p. 423.
Aporrhais sublevis Meek and Hayden, 1860, Acad. Nat. Sci. Philadelphia
Proc., v. 12, p. 178 (misprint Aporrahais sublevata appears on
p. 428).
Anchura (Drepanochilus) americana (Evans and Shumard).

Meek, 1876, U.S.

Geol. Surv. Terr. Rept., v. 9, p. 324, pl. 32, figs. 8a, b.
Anchura? sublevis (Meek and Hayden).

Meek, 1876, U. S. Geol. Surv.

Terr. Rept., v. 9, p. 327, pl. 19, figs. 3a, b.
Anchura americana (Evans and Shumard).

White, 1879, U. S. Geol. Surv.

Terr., 11th Ann. Rept., 1877, p. 185.
Anchura americana (Evans and Shumard).

Whiteaves, 1885, Canada Geol.

Surv. Contr. Canadian Paleontology, v. 1, pt. 1, p. 48-9.
Arrhoges (Drepanochilus) evansi Cossmann, 1904, Essais de paleoconchologie comparee, v. 6, p. 75.
Anchura (Drepanochilus) americana (Evans and Shumard).

Stanton, 1921,

U. S. Geol. Survey Prof. Paper 128, p. 37, pl. 6, fig. 13.
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Drepanochilus (Drepanochilus) americanum (Evans and Shumard).

Wenz, 1938,

Gastropoda, in Schindewolf, 0. H., Handbuch der Pal~ozoologie,
v. 6, pt. 4, p. 912, fig. 2683.
Drepanochilus americanum (Evans and Shumard).

Shimer and Shrock, 1944,

Index Fossils of North America, p. 497, pl. 203, fig. 24.
Drepanochilus evansi (Cossmann.

Sohl, 1960, U. S. Geol. Survey Prof.

Paper 331, p. 100, pl. 11, figs. 23, 26.
Drepanochilus evansi (Cossmann.

Sohl, 1967, U.S. Geol. Survey Prof.

Paper 393-B, p. B-13-14, pl. 3, figs. 10-21.
~

locality.--"Moreau and Grand Rivers" (Evans and Shumard,

1857, p. 42); this is in the type area of the Fox Hills Formation in
South Dakota.
Diagnosis.--Shell large for genus; body whorl strongly bicarinate,
upper carina developing into long upturned pointed canal on flaring outer
lip; lip becoming infilled and thickened in old age.

Early whorls covered

with threads crossing strong, almost evenly opisthocline ribs; on body
whorls ribs are lost, seen only as nodes on upper carina, numerous small
cords develop over body whorl as well.

Pleural angle 25-30 degrees.

Material.--Twenty-two specimens, many only fragments of one or
two whorls; three or four well preserved specimens with lip intact.
Measurements of those best preserved are given below:
H

DPW

PA

UND Cat. No. 13448.

2.5+ cm

0.8 cm

30

II

JI

II

893,

2.6+ cm

0.8 cm

28

II

II

II

895,

2.4(est.) cm

0.8 cm

22 approx.
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Discussion.--Because this is a common form from the Western Interior it has often been cited in the older literature and has thus developed an involved synonymy.

It was a junior homonym of Rostellaria

americana d'Orbigny a problem recognized and corrected by Cossrnann in
1904 (p. 75) when he referred the species to Arrhoges (Drepanochilus)
evansi, retaining Meek's (1864) subgeneric designation.

Arrhoges as now

used is a genus containing species with well defined ribs on the last
whorl and a blunt, broad outer lip to which D. evansi does not conform.
It remains as the type of Drepanochilus which contains several Western
Interior species that form a distinct evolutionary group in the midcontinent region.

It has been recorded from the Cannonball Formation by

Stanton in 1921 (p. 37) and is not new to the state; Cvancara (1956)
recorded it from the Fox Hills Formation.
Types.--Hypotypes UND Cat. Nos. 13448., 893., 13455.
Occurrence.--D. evansi is common at two localities; from concretions in the Trail City Member at locality A469 and from fine and
medium-grained sandstone of the Timber Lake Member at locality A460.
Geologic range.--Maestrichtian-Paleocene.
Drepanochilus nebrascensis? (Evans and Shumard), 1854
Plate 3, Figure 14
Rostellaria nebrascensis Evans and Shumard, 1854, Acad. ~at. Sci. Philadelphia Proc., v. 7, p. 164.
Aporrhais nebrascensis (Evans and Shumard).

Meek and Hayden, 1860, Acad.

Nat. Sci. Philadelphia Proc., v. 12, p. 423.
Anchura (Drepanochilus) nebrascensis (Evans and Shumard).

Meek (in part)

1876, U. S. Geol. Surv. Terr. Rept., v. 9, p. 326, pl. 13, figs.
5a, b, c, (figures questionably assigned to species).
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Anchura nebrascensis (Evans and Shumard).

Knight, 1900, Wyoming Univ.

Bull. 45, p. 154, pl. 9, fig. 7.
Arrhoges (Drepanochilus) nebrascensis (Evans and Shumard).

Cossmann, 1904,

Essais de paleoconchologie comparee, v. 6, p. 77.
Orepanochilus nebrascensis (Evans and Shumard).

Sohl, 1967, U. S. Geol.

Survey Prof. Paper 393-B, p. 17, pl. 3, figs. 1-9.
~

locality.-- 11 Sage Creek, Nebraska [=South Dakota]" (Evans and

Shumard, 1854, p. 164).
Diagnosis.--Shells medium to small for genus; body with two strong
carinae that lack nodes; ribs numerous, narrow, opisthocline with most
flexure on posterior portion.
to and parallel with edge.

Ridge on inner surface of outer lip close

Pleural angle 20 to 23 degrees.

Material.--One specimen, well preserved but coated with sand grains
which, if removed, will destroy the shell.
ments:

It has the following measure-

height 2.0 cm, maximum width of penultimate whorl 0.7 cm, pleural

angle 23 degrees (UND Cat. No. 13454).
Discussion.--Sohl (1967a, p. Bl7) has discussed this species at
some length.

lie indicated that specimens figured by Meek (1876, plate 9,

figures 5a-c) appear to have weaker carinae than required and may belong
to some undescribed form.

Whitfield's (1880, p. 429) specimens assigned

to this species were reassigned as D, obesus Sohl (p. Bl8).
D. nebrascensis is generally accepted as occuring from the
Didymoceras stevensoni zone upward to the Baculites reesidei zone in the
Pierre Shale of Wyoming and South Dakota (Sohl, 1967a).
. previously recorded as high as the Fox Hills.

It has not been

Because the upper whorls

of this specimen are masked by matrix, I have questioned my assignment,
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and thus questioned the provisional stratigraphic range extension beyond
the Pierre Shale.

Obviously this is a new occurrence for the Fox Hills

Formation, but the Drepanochilus sp. of Brinster (1970, p. 42) may be
conspecific with it making this a second record from North Dakota.
Types.--Hypotype UND Cat. No. 13455.
Occurrence.--This specimen was taken from fine to medium-grained
sandstone of the Timber Lake Member at locality A460 where it apparently
occurs with D. evansi.
Geologic range.--Campanian-Maestrichtian(?).
Superfamily HIPPONIACEA
Family VANIKORIDAE
Genus Vanikoropsis Meek, 1876
~

species (by original designation).--Natica tuomyana [~]

Meek and Hayden, 1856, p. 270.
Generic diagnosis.--Shell subglobose, thick, and solid; bodyvolution large; spire depressed; aperture _ovate; axis imperforated;
outer lip simple, beveled; inner lip closely folded upon, and adhering to, the columella and the body-volution, very little thickened,
and not flattened, toothed, notched, or serrated; surface with distinct revolving lines and furrows, and on the body-volution developing strong oblique folds or plications and furrows, parallel to the
lines of growth (Meek, 1876, p. 331).
·
Above is Meek's original description of the genus; that below is
of Sohl (1967a, p. B22):

"Medium-sized thick naticiform shells.

Sculp-

ture dominated by strong broad spiral ribbons with transverse sculpture
absent or as low and broad collabral rugosities.

Umbilicus narrow."

Remarks.--Sohl (1967a) has given a good account of Vanikoropsis
since Meek erected it in 1876.
Vanikoridae.

At that time he placed it in the

Cossmann (1925) and later Wenz (1938) had placed it in
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the Naticidae due to its supposed lack of an umbilicus.

The holotype of

Vanikoropsis tuomeyana, the type species, is an incomplete specimen with
broken aperture, worn spire, and narrow umbilicus.
rugae.

It has coarse growth

On the basis of similarity in shape, thickness of shell, proso-

pon and possession of a narrow umbilicus, Sohl (1967a, B22) has assigned
Fossar? nebrascensis Meek and Hayden (including Natica ambigua Meek and
Hayden, Natica haydeni Cossmann, and Natica praenominata Cossmann) to
Vanikoropsis.
As I have mentioned above Spironema has a very close resemblance
to some forms assigned to V. nebrascensis.

It appears to be higher

spired, have more impressed sutures (an artifact of preparation of the
holotype?) and a thin shell,
thick shell.

y_. tuomeyana is partially based on its

V. nebrascensis has either a thick or thin shell and was

originally defined (Natica? ambigua Meek and Hayden, 1856, p. 64) as
having "thin lips."

Both thin- and thick-shelled forms appear now to

be included in Vanikoropsis.

My illustration o~ plate 4, figures 1

and 2 is of a hypotype (Sohl, 1967a, plate 5, figures 14 and 17) from
the Fox Hills Formation in South Dakota identified by Sohl as
V. nebrascensis.

It is a thick-shelled, high-spired form.

With a

thinner shell and a complete aperture, it would compare well with the
holotype of~. tenuilineata on plate 4, figures 3 and 4 herein.
Vanikoropsis is based on a single specimen of V. tuomeyana and
has been expanded in the sense of Sohl by his Pierre Shale and Fox
Hills forms of V. nebrascensis.

Spironema is based on poorly defined

material with shell thickness a principal character.

If shell thick-

ness and spire height should prove to be factors of sexual dimorphism
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after suitable material is found, Spironema tenuilineata will be a junior
synonym of Natica? ambigua (=Vanikoropsis nebrascensis), based on previous
pagination.

y.

If, as well, y_. nebrascensis belongs in Vanikoropsis with

tuomeyana (known from a single specimen) as Sohl assigned it, all must

be assigned to the first defined genus based on a valid species--in this
case Vanikoropsis (Meek, 1876, p. 331).

Both Spironema and Vanikoropsis

need to be redescribed on the basis of new material.

My remarks have

been aimed at that necessity but material for such redescription is not
available.
Geologic range.--Late Campanian-Maestrichtian.
Vanikoropsis nebrascensis (Meek and Hayden), 1856
Plate 4, Figures 1-7
Natica? ambigua Meek and Hayden, 1856, Acad. Nat. Sci. Philadelphia
Proc., v. 8, p. 64 (non Morris and Lycett, 1854).
Fossar? nebrascensis Meek and Hayden, 1860, Acad. Nat. Sci. Philadelphia
Pr~c., v. 12, p. 423.
Vanikoro ambigua (Meek and Hayden).

Meek 1864, Smithsonian Misc. Coll.,

v. 15, p. 18.
Vanikoro ambigua (Meek and Hayden).

Meek, 1876, U. S. Geol. Survey Terr.

Rept., v. 9, p. 330, pl. 19, figs. 12a-d.
Vanikoro ambigua (Meek and Hayden).
Geol. Survey

Whitfield, 1880, U. S. Geog. and

Rocky Mtn. Region, p. 430, pl. 12, fig. 14.

Natica haydeni Cossmann, 1899, Rev. critique paleozoologie, v. 3, no. 3,
p. 36.

Natica praenominata Cossmann, 1920, Rev. geologie, v. 1, no. 1, p. 69.
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Vanikoro ambigua (Meek and Hayden).

Cossmann, 1925, Essais de paleo-

conchologie comparee, v. 13, p. 165.
Vanikoropsis nebrascensis (Meek and Hayden).

Sohl, 1967, U. S. Geol.

Survey Prof. Paper 393-B, p. B22, plate 5, figs. 1, 5-10, 12,
14, 17.
~

locality.--The area of Glendive, Montana on the Yellowstone

River, 150 miles above its mouth; probably from the Pierre Shale.
Diagnosis.--"Spire high and pleural angle low for genus.

Trans-

verse rugae uncommon" (Sohl," 1967, p. B22).
Material.--Six specimens, three of which are rather well preserved
and are described by measurements below:
H

UND Cat. No. 13432.

MD

PA

2.4 cm

2.0 cm

75

II

II

ll

903.

2.3+ cm

1.85 cm

72

If

II

If

902a.

2.2(est.) cm

1.8+ cm

72

Discussion.--The synonymy of this species has been, and will continue to be, complicated.

The following quotation from Sohl's (1967a, p.

B23) excellent summary is quite complete:
The synonymy of Vanikoropsis nebrascensis is complex. The
combination Natica ambigua of Meek and Hayden (1856) is a
homonym preoccupied by Morris and Lycett (1851) for a Jurassic
species. In 1860, Meek and Hayden reassigned their species to
Fossar~ but as they pointed out, Fossar ambigua was preoccuped
and they substituted the name nebrascensis. However, Meek in
1864 and later in 1876 reassigned the species to Vanikoro and
resurrected the original name ambigua. This designation held
until 1899 when Cossmann pointed out the homonymy of the original
combination Natica? ambigua and substituted the name Natica hayIn 1920, Cossmann again pointed out that Natica? ambigua
Meek and Hayden was a homonym of Morris and Lycett's species.
Cossmann evidently forgot his previous substitution of Natica
haydeni and proposed the new name Natica praenominata. Later in
1925, Cossmann in his "Essais" again reassigned the species
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placing it in Vanikoroa (pro Vanikoro) and accepted the original
name ambigua. In my opinion the first substituted name nebrascensis must stand for the species, and Cossmann's subsequent
substitutions are invalid.
Because this species seems to contain both thick- and thinshelled forms I earlier expressed concern that it, in part at least,
may be synonymous with Spironema tenuilineata.

Thickness is not always

a useful character even at the specific level, and I have tried to
assign my specimens without prejudice to thickness.
variety of both forms in V. nebrascensis.

The result is a

There are no rugose forms

in my fauna that might suggest V. tuomeyana.

Several species, includ-

ing two British Columbian forms, V. suciensis White and V. pulchella,
are probably not properly assigned (Sohl, 1967, p. B22).

At present,

Vanikoropsis appears to be an endemic genus in the Pierre, Fox Hills,
and equivalent faunas of the Western Interior where it remains, in my
opinion, poorly understood.
Types.--Hypotype UND Cat. No. 13492.
Occurrence.--Specimens were taken from concretions in the Trail
City Member at locality A469 and from concretionary sandstone of the
Timber Lake Member at locality A677.
Geologic range.--Upper Campanian-Maestrichtian.

Superfamily NATICACEA
Family NATICIDAE
Subfamily GYRODINAE
Assignment of Fox Hills genera.--Before describing Fox Hills
naticid genera, and in order to do so expediently and with clarity, I
feel it best to summarize the taxonomic dilemmas they pose, along with
my usage in this study.

Naticids are numerous from marine late
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Mesozoic and Cenozoic strata throughout the world.

Nearly all of them

look superficially alike when, as fossils, they lack characteristic
colorations and opercula.

Wrigley summed up the causes for many taxo-

nomic problems in the family in 1948 (p. 10) as follows:
The study of Tertiary fossil Naticidae is especially difficult for several reasons. Although specimens are abundant
enough to show the range of specific variation, they differ
slightly in their modes of preservation and in the degree to
which they have been worn or corroded. In sandy strata like
the Oldhaven and Blackheath beds sutural corrosion is almost
universal, converting a moderately conic species into an apparently turreted one in a most deceptive way. Colour, which is
so helpful in the discrimination of living species, is nearly
always lacking in fossils and Naticids are almost without the
specific sculpture found in so many other groups of gastropoda.
If a large number of Recent Naticid shells, including many
juveniles, were bleached and mixed it would be no easy task to
classify them correctly. Sexual differences have been reported
in Naticid shells, the females being less flat-sided or conic
and more turreted than the smaller males, by having to accommodate a large egg sac, with a resultant swelling near the
suture. I have not found this idea always helpful with fossils, for it sometimes leads to the absurdity of finding all
the males of a supposed species living aeons before or after
the females.
I have not condensed Wrigley's phraseology as d~d Sohl (1964, p. 122)
because I feel the British tendency for understatement characterizes
the treatment of this group since its earliest recognition.
My discussion revolves around four genera of import to the Fox
Hills Formation and correlative units.
Euspira, and Natica.

These include Polinices, Lunatia,

I am excluding Gyrodes and Amauropsis because they

have not been found in this study and are readily recognized when found.
The earliest comprehensive account of Natica that I have examined
was the 1921 description by Harmer (p. 672) of Crag (Pliocene) forms.
Forms he referred to Natica possessed a calcareous operculum and some
had an open umbilicus whereas in others it was covered by callus of the
inner lip.

He considered Lunatia Gray (1847) a subgenus of Natica
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comprising those forms with non-calcareous opercula, many of which formerly had been in Naticina Guilding (1834).

The following is his feel-

ing in regard to the concept of Polinices (p. 672):

11

A few Crag species

are grouped with Polinices, more largely used in America, confined by
P. Fischer to oval and elongated shells having the umbilicus closed by
the funcular callosity."

Polinices too was treated as a subgenus.

Cossmann in 1925 was unclear in his usage since he described

(p. 125) was diagnosed with a cornous operculum, the latter also possessing one or more umbilical funicles.

again a subgenus,

was characterized as having an open umbilicus unlimited by callus formation within (p. 132).

He considered Euspira to be a synonym of

Ampullina as stated below (p. 133):
C'est pourquoi, je ne puis admettre que Lunatia soit un SousGenre de Polynices [sic], comme l'a propose M. Dall (1908,
Albatros Exped., t. II, p. 333) qui--en mente temps--a fait
une autre erreur en remplacant Lunatia par Euspira Ag. (1842,
non 1837) interpretation a laquelle je ne puis me rallier,
puisque le veritable Euspira est synonyme d'Ampullina, ainsi
que je l'ai demontre ci-dessus.
Wenz (1944) erected two subfamilies, Polinicinae and Naticinae.
The former had corneous opercula and an umbilical boss, or strong funicle,
covering the umbilicus.

Lunatia and Euspira were treated as genera of

the Polinicinae and Naticinae respectively.
Gardner (1947) was quite aware of the problems produced by the
large number of fossil naticids.

Treating Natica and Polinices as dis-

tinct genera she (p. 549) distinguished them cleverly by the following
single paragraph summary:

11

The shell characters of Polinices are simi-

lar to those of Natica; however, the operculum of Polinices is corneous.
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in rejecting Euspira but she was not willing to place it in synonymy
with Lunatia, although.she acknowledged their similarity as I have
shown.
Wrigley (1948) made the following statement regarding Euspira
and Lunatia:
This genus [Euspira] is used for fossil species which
resemble the living Lunatia Gray, 1847, which could be treated
as a synonym of Euspira, except for the consideration that the
animal of a living species is, or can be known, while that of
a fossil is not [!] (p. 14).
He did, however, define and draw particular attention to umbilical structures in the family.

His diagram, in simplified form was given by Sohl

species whose umbilicus has a well defined middle plug
which is present at all stages of growth. The known opercula
are calcareous with a double rim at the outer periphery and
a finely serrated edge on the columellar side (p. 11).
In diagnosing Euspira (p. 14) he said, ·"There is_a rear lobe and sometimes a middle lobe, but they are not continuously produced [during
maturation?] so that no true umbilical plugs are present."

There is

no diagnosis given for Polinices but forms which he refers to that
genus have a filled or nearly filled umbilicus.
Natica and Polinices at the generic level were distinguished by
Olsson, et al. (1953) in a manner similar to that of Wrigley with the
added note that Polinices has a corneous operculum.
Sohl in 1960 placed both Polinices and Euspira in the Naticinae,
explaining their differences as follows:
Euspira differs from Polinices primarily by having an abutted or
impressed rather than appressed suture, as well as being globose
in outline instead of ovoid. Other differences rest in the filling of the umbilicus by callus, which is Polinices is usually
complete (p. 121).
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With regard to Euspira and Lunatia it is laudable, indeed, to note that
after more than one hundred years of supposition and hedging by malacologists and paleontologists Sohl finally had courage enough to declare
flatly

. I believe the names to be synonymous."

II

He further

attempted to define Western Interior species of Euspira in 1967 with
less success as I will discuss below.
This summary of four principal naticid genera is taxonomically
superficial.
ity.

The synonymies of nearly all are complex almost to absurd-

They are discussed under the respective genera below.

As many as

100 genera of naticids appear in the literature, many have fossil representatives as well as living ones.

Most of the type species have been

variously assigned to cwo or more genera, many to three or four.

Oper-

cula are seldom preserved and are thus poor taxonomic characters for
paleontologic study.

Sexual dimorphism is common.

The naticid genera

Polinices, Eusuira (=Lunatia Gray), and Natica must be classified solely
on conch morphology on the basis of numerous specimens where sexual differences are clearly documented.

My generic and specific taxonomy is

based on that of Wrigley and of Sohl as used above, for that reason.
Genus Euspira Agassiz (in J. Sowerby), 1838
(=Lunatia Gray, 1847 =Labellinacca Cossmann, 1919)
~

species (by subsequent designation of Dall, 1915).--Natica

glaucinoides J. Sowerby, 1812.
Generic diagnosis.--"Medium- to large-sized globose shell, with
abutting to impressed sutures; umbilicus open and small to medium sized
and lacks a funicle" (Sohl, 1960, p. 122).
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Remarks.--The complex systematics of Euspira resulted partially
from Cossmann's (1919) misinformation regarding the first date of Agassiz's publication of Euspira and partly from the refusal of many workers
to place Lunatia and Euspira in synonymy without opercula being present,
even after Cossmann's error was. recognized.

His 1919 erection of

Labellinacca for Agassiz's forms was unnecessary, yet he continued to
compound it in 1925 as I quoted earlier.

Sohl summarized the history

of Western Interior species of Euspira in 1960 and reassigned many
forms in 1967(a).
This is one of the most common genera present in Upper Cretaceous
rock units representing near shore depositional conditions as described
earlier under Paleoecology.

It is very common in the Gulf Coast, Missis-

sippi Embayment, and Western Interior of North America.

There are three

species positively identified from Fox Hills rocks and a fourth is here
questionably assigned.

Western Interior species reflect migratory routes

from the south but several species easily tolerated whatever "boreal"
climatic conditions may have existed in North Dakota Maestrichtian seas.
Geologic range.--Cenomanian-Holocene.
Euspira rectilabrum (Conrad), 1858
Plate 4, Figures 15, 16; Plate 10, Figures 8, 9
Natica (Lunatia) rectilabrum Conrad, 1858, Acad. Nat. Sci. Philadelphia
Jour., 2d serv., v. 3, p. 334, pl. 35, fig. 28.
Lunatia carolinensis Conrad.

Stephenson, 1923, North Carolina Econ. and

Geol. Survey, v. 5, p. 356, pl. 88, figs. 17 and 18 [not 19].
Polinices (Euspira)

h!.11l- (Grabb). Wade, 1926, U. S. Geol. Survey Prof.

Paper 137, p. 163, pl. 56, figs. 11 and 12.
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Polinices rectilabrum (Conrad).

Stephenson, 1941, Texas Univ. Bull. 4101,

p. 276, pl. 50, figs. 1 and 6; Stephenson, 1955, U. S. Geol. Survey Prof. Paper 274-E, p. 125, pl. 21, figs. 10-12.
Euspira rectilabrum (Conrad).

Sohl, 1960, U. S. Geol. Survey Prof. Paper

331-A, p. 122, pl. 17, figs. 5-7, 12-14; Sohl, 1967, U.S. Geol.
Survey Prof, Paper 393-B, p. B27.
~

locality.--Owl Creek Formation at Owl Creek, Tippah County,

Mississippi.
Diagnosis.--Shell medium-sized, subglobose, with impressed suture;
whorls slightly shouldered; inner lip straight, thickened, expanding into
thickened pad of callus; umbilicus well defined, moderately narrow.
Pleural angle 75-90 degrees.

(Modified from Sohl, 1960, p. 122),

Material.--Forty-two specimens, many very well preserved.

Mea-

surements of a representative group are given below:

UND Loe. A466

H

MD

HB

PA

2.6 cm

2.2 cm

1. 7 cm

84

II

II

II

2,3

2.0

1.6

84

II

"

"

2.3

1. 9

1.6

82

fl

II

II

2.3

2.0

1.6

90

"
"
"

II

II

2.5

1.5

76

!I

II

1.9

l.6

1,3

BS

II

"

2.1

1.8

II

"

"

2.1

2.0

1.5

95

II

II

II

2.4

2.0

1.5

92

II

II

II

2.6

2.1

1.6

75

II

"

II

2.2

2.1

1.6

93

II

II

"

2.3

2.0

1. 7

87

87
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UND Cat. No. 13443.

3.3

2.5

2.0

72

UND Cat. No. 13479.

1.8

1.6

1.2

85

Discussion.--E. rectilabrum was discussed in detail by Sohl (1960,
p. 122-3) at which time he recorded several synonyms including Lunatia
halli Gabb, Lunatia carolinensis Conrad, 1875, as figured by Stephenson
(1923, plate 88, figures 17 and 18, not 19), and Polinices rectilabrum
texanus Stephenson.

Stephenson (1941) had assigned

rectilabrum to

Polinices, a position that can not be justified because that genus is
considered to possess a full or partial umbilical plug.

The holotype

of Lunatia halli in my opinion is a large specimen of E. rectilabrum,
similar to my figures 15 and 16 on plate 4~

I concur with Sohl's other

assignments as well,
In 1960 Sohl noted that this species was very common in a molluscan fauna containing many species predated upon by borers, but its
shell was never bored.
units where

This same fact is strikingly true in Fox Hills

rectilabrum is common.

His suggestion (p. 124) that

E. rectilabrum was a primary predator of many molluscan species is
quite probably true.
This is the first record of E. rectilabrum from the Fox Hills
Formation.

An internal mold from the Pierre Shale was assigned to the

species by Brinster (1970, p. 49, pl. 1, fig. 24) but it is rather high
spired and may be a male E. obliquata.
Types.--Hypotypes UNO Cat. Nos. 13443., and 13479,
Occurrence.--This species has been collected from the Timber Lake
Member at localities A455, A457, A465, A466, A467, A460, A462, and A474.
Geologic range.--Campanian-Maestrichtian.
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Euspira obliquata (Hall and Meek), 1856
Plate 4, Figures 13, 14; Plate 10, Figures 10, 11
Natica obliquata Hall and Meek, 1856 (not Deshayes, 1866), Am. Acad. Arts
and Sci. Mem., v. 5, p.· 389, pl. 3, figs. la, b.
Natica concinna Hall and Meek, 1856, Am. Acad. Arts and Sci. Mem., v. 5,
p. 389, pl. 3, figs. 2a-d.
Natica moreauensis Meek and Hayden, 1856, Acad. Nat. Sci. Philadelphia
Proc. , v. 8, p . 64.
Natica (Lunatia) moreauensis Meek and Hayden, 1860, Acad. Nat. Sci.
Philadelphia Proc., v. 12, p. 422.
Lunatia concinna (Hall and Meek).

Meek, 1876, U. S. Geol. Survey Terr.

Rept., v. 9, p. 314, 315, pl. 32, figs. lla-c.
Lunatia concinna (Hall and Meek).

Whitfield, 1880, U. S. Geog. and Geol.

Survey Rocky Mtn. Region, p. 430, pl. 12, fig. 13.
Lunatia obliquata (Hall and Meek).

Stanton, 1941, U. S. Geol. Survey

Prof. Paper 128-A, p. 35, pl. 6, figs. 10a, b.
Crommium (Amauropsella) concinna (Hall and Meek).

Cossmann, 1925, Essais

de paleoconchologie comparee, v. 13, p. 45.
Natica (Lunatia) concinna (Hall and Meek).

Cossmann, 1925, Essais de

paleoconchologie comparee, v. 13, p. 134.
Euspira concinna (Hall and Meek).

Sohl, 1960, U. S. Geol. Survey Prof.

Paper 331-A, p. 123.
Euspira obliquata (Hall and Meek).

Sohl, 1967, U. S. Geol. Survey Prof.

Paper 393-B, B25, pl. 1, figs. 12-19.
~

locality.--"Great Bend of the Missouri.

From clay beds of

division No. 4 [Pierre Shale] of section" (Hall and Meek~ 1856, p. 315).
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Diagnosis.--Euspira with rather broad umbilicus, thin parietal
callus, globose whorls with poorly defined shoulders.
generally large (80-110 degrees).

Pleural angle

Sexual dimorphism produces males

with taller spires (lower pleural angles).
Material.--Approximately three dozen specimens almost all of
which have been badly damaged.

Measurements of four complete specimens

are given below:
MD

HB

PA

1.9 cm

1.7 cm

1.4 cm

92

2.3+

1.7

1.5

67

1.1

1.1

0.9

102

1.0

0.8

0.7

82

H

UND Cat. No. 13481.
II

JI

II

13482,

UND loc. A460
11

n

II

Discussion.--This Euspira is also common in the Fox Hills fauna.
As used herein it includes Natica concinna Hall and Meek and N.
moreauensis Meek and Hayden which were determined to be synonyms of
obliquata by Sohl in 1967 (p. 124).

I have examined the holotype

of N. moreauensis and hypotypes of E. obliquata at the U. S. National
Museum and believe there is enough variation in the species to support
Sohl's action.

Meek in 1876 had recognized the similarity between

Natica concinna and N. moreauensis and placed them in synonymy.

He

felt (p. 315) that Lunatia obliquata was still distinct because his
specimens had a "well-defined opercular groove along the columella,
not seen in the original E. concinna • • • "
holotypes of both species are immature forms.

According to Sohl the
Formation and preser-

vation of the columellar groove, is not constant, and, after seeing
the large amount of variation in this and other Euspira species, I am
not surprised that these synonymous forms were described.
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I have not found E. obliquata in the same outcrops with E.
rectilabrum.

It does occur in a thanatocoenosic accumulation with E.

subcrassa and in concretions low in the Fox Rills Formation with E.?
dakotensis.

Several shells of E. obliquata show naticid borings and

at one locality many young snails appear to have been peeled open by
some crustacean or other predator.

In areas where it was preyed upon,

it appears to have been quite populous.
E.

obliquata occurs throughout the Western Interior in the

Pierre Bearpaw, and Clagget Formations and in the Bearpaw Shale of
Canada (Sohl, 1967, p. B28).

It also is reported from the Fox Hills

Formation of North Dakota (herein), South Dakota, and Colorado and
has been found by Stanton (1921) in the Cannonball Formation of North
Dakota.

It seems to be close to Polinices harrisii Gardner, 1933 as

figured on plate 26, figure 15, from the Midway Group of Texas.
Types.--Hypotypes UND Cat. Nos. 13481., and 13482.
Occurrence.--This species occurs in concretions of the Trail
City Member at locality A469 and in sand matrix at localities A460 and

A480.
Geologic range.--Campanian and Maestrichtian-Paleocene.
Euspira subcrassa (Meek and Hayden), 1856
Plate 4, Figures 11 and 12
Natica subcrassa Meek and Hayden, 1856, Acad. Nat. Sci. Philadelphia Proc.,

v. 8, p. 87.
Natica (Lunatia) subcrassa Meek and Hayden, 1860, Acad. Nat. Sci. Philadelphia Proc., v. 12, p. 422.
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Lunatia subcrassa (Meek and Hayden).

Meek, 1876, U. S. Geol. Survey Terr.

Rept., v. 9, p. 316, pl. 39, figs. 3a-c; Stanton, 1921, U. S.
Geol. Survey Prof. Paper 128, p. 36, pl. 6, figs. lla, b; Sohl,
1967, U. S. Geol. Survey Prof. Paper 393-B, pl. 1, figs. 22-26.
Natica [?] subcrassa (Meek and Hayden).

Sohl, 1967, U. S. Geol. Survey

Prof. Paper 393-B, p. B25.
~

locality.--"Mouth of Judith River, on the Upper Missouri,

where it occurs with other Cretaceous fossils in beds elsewhere found to
hold a position at the horizon of the top of the Fox Hills group" (Meek,
1876, p. 317).

According to Stanton, in 1921, (p. 87) and Sohl (1967a,

p. B25) this locality is in the Clagget Shale.
Diagnosis.--Thick-shelled, ovate, Euspira with high pleural angle
(110 degrees) and sutures little impressed; lip thick, ·parietal callus
strong but umbilicus clearly exposed; whorls generally with subshoulderal
indentation of varying strength.
Material.--Sixteen specimens, many somewbat eroded but in good
condition.

Measurements of those best preserved are given below.
H

MD

HB

PA

UND Cat. No. 13442.

2.2 cm

2.0 cm.

1.7 cm

103

UND locality A625

1.6

1.6

1.3

117

A626

2.0

1.8

1.6

106

A454

1.6

1. 7

1.4

118

A617

2.0

1.9

1.6

122

A611

1. 9

2.0

1.6

117

A611

1.9

1.8

1.6

100

A611

1.4

1.4

1.1

116

A643

2.0

2.0

1.5

114
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Discussion.--Meek and Hayden's original description mentioned
strong growth lines causing imbricating wrinkles on the whorl surface
but these are not characteristic of Fox Hills specimens in North Dakota
and probably should not be considered diagnostic of the species.
The synonymy is brief, probably because the species ranges westward where less work has been done rather than to the east and south
where faunas are better studied.

Its brevity should not be deceiving

as the species has been assigned to the "usual" genera save Polinices.
Meek in 1876 was first to perceive its probable correct assignment
with the following cautious statement (p. 317):

"It is possible that

the names of this and the preceding species may have to be changed to
Euspira subcrassa and!• occidentalis; that is, if Euspira is made to
replace Lunatia, as already suggested."

Hesitation to assign this

species to Euspira was entirely justified and is summarized well by
the following statement of Sohl's from his list of reassigned naticid
species (1967a, p. B25):
Subsequent authors have consistently assigned this species
to Lunatia, The best preserved specimens of this species show
a conspicuous shouldering of the whorls, a subshoulder constriction of the whorls, and a sharp-edged inner lip callus that
evanesces anteriorly. These features are not typical of either
Euspira or Natica.
I have here assigned this form to Euspira without hesitation for
several reasons.

Natica requires a funicle in the umbilicus (and a cal-

careous operculum) •.

The thick shell is a response to environmental as

much as biological factors.

The subshoulderal constriction is not con-

stant and may reflect sexual variation.

E. subcrassa was a form

inhabiting very shallow, perhaps estuarine, active environments as its
presence in the characteristic faunule from this environment was shown
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to demonstrate earlier in this report.

This shell morphology is fitting

for such a habitat.
The potential value of_§.. subcrassa in stratigraphic work was
also shown earlier.

It is a principal constituent of the fauna in the

Colgate lithofacies and in the upper, unnamed blanket sandstone, often
incorrectly called Colgate, at the top of the formation.

It carries

through into the Cannonball Formation as an endemic species in the
Western Interior.
Types.--Hypotype UND Cat. No. 13442.
Occurrence.--All specimens were taken from the Trail City or Colgate Members at localities A454, A611, A617, A625, A626, A627, A643,
A701, A706, A684.
Geologic range.--Maestrichtian-Paleocene.
Euspira? dakotensis (Henderson), 1920
Plate 4, Figures 8-10
Natica occidentalis Meek and Hayden, 1856, Acad. Nat. Sci. Philadelphia
Proc., v. 8, p. 64.
Natica (Lunatia) occidentalis Meek and Hayden, 1860, Acad. Nat. Sci.
Philadelphia Proc., v. 12, p. 422 (not Hall, ,1845).
Lunatia occide~talis (Meek and Hayden).

Meek, 1876, U. S. Geol. Survey

Terr. Rept., v. 9, p. 315, pl. 32, figs. 12a, b, c.
Natica dakotensis Henderson (=Natica (Lunatia) occidentalis Meek and
Hayden), 1920, Nautilus, v. 33, p. 122.
Euspira? dakotensis (Henderson).
Paper 393-B, p. B27.

Sohl, 1967, U. S. Geol. Survey Prof.
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locality.--"Moreau River, [South] Dakota; from the Fox Hills

.group of the Upper Missouri Cretaceous series" (Meek, 1876, p. 316).
Diagnosis.--Shell obliquely ovate; spire rather elevated;
volutions four and a half to five, convex, and separated by a
very distinctly-defined suture; surface marked by fine lines
of growth, crossed by numerous, very fine, obscure, minutely
flexuous, revolving striae; aperture obliquely ovate, nearly
straight on the inner side, widest and rounded below, subangular above; outer lip sharp; inner lip slightly thickened,
and a little reflexed on the body-volution above the small
umbilical perforation (Meek, 1876, p. 315, 316).
Material.--Four specimens, none showing apertural features since
all are from concretions.

Measurement of the UND hypotype are given with

those of the holotype:
H

MD

HB

PA

UND Cat. No. 890.

2.o+ cm

1.9 cm

1.5 cm

81

Holotype USNM 290

2.3

1.9

1.5

66

Discussion.--This species was known only for the holotype which
is illustrated herein on plate 4, figures 9 and 10.

Henderson pointed

out in 1920(a) that Natica occidentalis Meek and Hayden was preoccupied
by Natica? occidentalis Hall, 1845 which he felt was actually a freshwater Tertiary species.
replace the homononym

!•

Henderson (p. 122) proposed N. dakotensis to
occidentalis.

This species is rather high-spired and somewhat thin-shelled
when compared with other Euspira.

It shows no parietal callus over the

inner lip as is characteristic of the genus.

The shell is smooth, orna-

mented with very fine threads and a secondary, faint, spiraling rugosity
which may be a function of preservation.

The fine threads are visible

on my material whereas the rugosity is not.

Sohl (1967a) realized that

the spire and lip characters of E.? dakotensis were not consistent with
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the generic traits of Euspira but noted (p. B25) that "It appears to be
closest to Euspira in moat characters . • . • "
Some of my specimens had been examined earlier by Cvancara (1956)
and were termed Lunatia occidentalis (=Natica dakotensis).

I agree

entirely with that identification of the North Dakota material although
apertural characters are not visible.
My reference of these specimens to Euspira? dakotensis modernizes Cvancara's identification.

It also indicates a slight hesitation

to accept without reservation Sohl's assignment.

This is only the second

reported occurrence of the species and its apertural traits are still too
poorly known to warrant unquestioned placement.
Types.--Hypotype UND Cat. No. 890.
Occurrence.--All specimens are from the Trail City Member at
locality A469 where they occur in concretions.
Geologic range.--Maeatrichtian.
Superfamily TONNACEA
Family CYMATIIDAE
Genus Semitriton Cossmann, 1903
~

Tate.

species (by original designation).--Plesiotriton dennanti,

Cossmann, 1903, Essais de paleoconchologie comparee, p. 102,

pl. 5, fig. 11.
Generic diagnosis.--Shell fusiform, with extremely obsolete
varices, or none; aperture elongate, canal short, poorly developed,
nearly straight, not markedly twisted.

Outer lip feebly bordered,

with denticulate interior; inner lip little callused, bearing two
strong, oblique, median plaits on columella.

Whorls convex with
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Mazzalina buccinoides (Meek and Hayden)!

Cossmann, 1901, Essais de

paleoconchologie.comparee, p. 51.
"Fasciolaria" buccinoides Meek and Hayden.

Sohl, 1967, U. S. Geol. Survey

Prof. Paper 393-B, p. B29.
~

locality.--"Moreau and Fox Hills" [South Dakota] (Meek and

Hayden, 1856, p. 67.
Diagnosis.--Shell small, rather short-fusiform; spire moderately elevated, composed of five to five and a half convex volutions; last turn somewhat gibbous, forming more than half the
entire length, and contracting rather abruptly below into the
rather short canal; suture distinct or slightly channeled; surface ornamented by fine, regular lines of growth, with sometimes
small, obscure, vertical folds, which are crossed by rounded,
little revolving bands or raised lines, equal to, or slightly
broader than, the depressions between; on these bands, as well
as in the intervening depressions, faint traces of very fine
revolving striae may sometimes be seen by the aid of a lens;
aperture narrow-oval, angular above, and tapering below; outer
lip thin, but apparently thickened and crenulate within, at
intervals of about three or four times to each turn of the
spire; columella a little twisted, and provided with two welldefined, oblique plaits, that are so far around as not to be
clearly seen when the aperture is filled with rocky material
that cannot be removed (Meek, 1876, p. 358).
Material.--Six specimens, five of which were extracted from concretions and are incomplete.
as follows:

UND 13459.

Measurements of an immature specimen are

H = 1.5 cm;

1vll)

= .75 cm; PA= 55 degrees.

Discussion.--Meek and Hayden (1856) and later Meek (1876) referred
this species to Fasciolaria.
of that genus.

The species does not possess the characters

It was assigned to Mazzalina Conrad by Cossmann in 1901

(p. 52) apparently on the basis of a photograph supplied to him by
Stanton.

No doubt the photo did not reveal the denticulate outer lip.

In 1903 when he erected Semitriton, Cossmann referred no other species
to the genus indicating to me that he had either forgotten this species,
or that the photograph did not reveal its complete character.
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In 1967(a) Sohl (p. B29), as part of his discussion of Trachytriton vinculum, made the following comments with regard to "Fasciolaria"
buccinoides:
Cossmann (1901, p. 51) assigned that species [!_. buccinoides}
to Mazzalina of the Fasciolariidae. It approaches that genus
in several characters, but it has two columellar plications
that Qr~ constant in strength and pl~cement, Mor~ §ignificantly there are nodes and teeth on the parietal wall and
denticulations on the inner surface of the outer lip (pl. 6,
figs. 5, 9) that were not noted by Meek. These features suggest placement of "Fasciolaria" buccinoides in the Cymatiidae
of the Tonnaca [sic] rather than in the Fasciolariidae.
Although his higher assignments were certainly correct he made no effort
to suggest generic placement and there is no indication that he had any
particular genus in mind.
I had originally intended to include the Fox Hills material in
Stephenson's genus Caveola, but upon examination of earlier literature,
it became apparent that these specimens were referrable to Semitriton.
Caveola may contain forms that do not belong there as Sohl (1964, p.
269) believes, or most of its species, including the type, should be
preferred to Semitriton,

Whether or not the two genera are synonyms their relationship is
important paleogeographically.

Semitriton (=Caveola) is a geologically

old genus, occurring in the Texas Upper Cretaceous.

It has southern

origins and does not seem to have reached the Western Interior until
the appearance of Semitriton buccinoides in the Fox Hills Formation.
North Dakota is perhaps close to the northern range of this group
which does not seem to have Canadian relatives.
Because Meek recorded this species from Long Lake, I consider
it to have been previously reported from North Dakota.
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J~.--Hypotypes UND Cat. Nos. 933. and 13459.
Occurrence.--In concretions at locality A469,

Free on outcrop,

A465.
Geologic range.--Maestrichtian.

Order NEOGASTROPODA
Suborder STENOGLOSSA
Superfamily BUCCINACEA
Genus Rhombopsis.Gardner, 1916
~

species (by original designation).--Fusus newberryi Meek and

Hayden, 1857, Acad. Nat. Sci. Philadelphia Proc., v. 9, p. 139.
Generic diagnosis.--Pyriform shells of medium size, whorls
moderately shouldered and posteriorly constricted to a broad
subsutural collar or inclined ramp; aperture suble~ticular,
produced anteriorly to a moderately long, rather straight,
siphonal canal; sculpture of discontinuous collabral ribs
and numerous spiral lirae or cords (Sohl, 1964, p. 198).
Remarks.--Meek and Hayden described three species from the Western
Interior including Fusus newberryi, Fusus subturritus and Fusus intertextus which seemed to be closely related and which Meek (1864, p. 22)
later placed in Conrad's genus Pyrifusus.

Not convinced of their exact

relationship to Pyrifusus, yet satisfied of their kinship with each other,
Meek (1876, p. 344) divided Pyrifusus into two subgenera, Pyrifusus
[~. ~-] and Neptunella, the latter containing the Western Interior
species.
Neptunella Meek was preoccupied by Neptunella Gray, 1853.
that reason Gardner (1916, p. 456) proposed the name Rhombopsis to
replace it.

In his monograph of the Upper Cretaceous gastropods of

Tennessee and Mississippi, Sohl (1964) follows her precedent,

For
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recognizing Pyrifusus and Rhombopsis as distinct genera, with the latter,
however, having a higher spire, lacking a strong posterior notch, and
having a more sinuous growth line.
Sohl (p. 198-9) further considered Rhombopsis to be closely
allied to Deussenia if R. orientalis Wade is included in Rhombopsis.
I have examined most of the types concerned in this discussion and
typologically Deussenia and Rhombopsis do not appear closely related,
because of ornament, posterior notch differences, subsutural collar
distinctions, and differences in degree of straightness of the anterior canal.

It should be noted that neither R. subturritus nor R.

intertextus agree closely with the type species, as both have higher
spires than R. newberryi.

At present there is no genus known to me

into which they might better be placed.
Geologic range.--Middle Coniacian-Maestrichtian.
Rhombopsis subturritus (Meek

&

Hayden), 1857

Plate 5, Figures 11-13
Fusus subturritus Meek and Hayden, 1857, Acad. Nat. Sci. Philadelphia
Proc., v. 9, p. 139.
Pyrifusus subturritus (Meek and Hayden).

Meek, 1864, Smithsonian Check-

List N. American Cretaceous Fossils, p. 22 [not seen].
Pyrifusus (Neptunella) subturritus (Meek and Hayden).

Meek, 1876, U. S.

Geol. Survey Terr. Rept., v. 9, p. 347, pl. 32, figs. 3a, 6.
Thombopsis subturritus (Meek and Hayden).

Wade, 1926, U. S. Geol. Sur-

vey Prof. Paper 137, p. 42.
~

locality.--"Upper part of No. 4 [Pierre Shale], near Grand

River [South Dakota]."

(Meek and Hayden, 1857, p. 139).
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Diagnosis.--Shell medium (2.5-4.5 cm) height, spire high for the
genus, pleural angle approximately 53 degrees, shoulder angular, noded
with 12 elongated nodes; whorls lacking defined ribs on slopes; broad
posterior ramp and marked anterior constriction producing nearly flatsided appearance of last whorl; shell covered by broad ribbons, generally faint on anterior and posterior slopes.
Material.--Two immature, moderately well preserved specimens
and numerous fragments.

Measurements of the two figured specimens

are given below:

H

MD

PA

UND No. 13444.

2.6+ cm

1.49+ cm

64

UND No. 13440.

2.6+

1.55+

68

Discussion.--Preservation of the prosopon and aperture of the
material at hand is somewhat better than much of the type material.
The North Dakota specimens, 'however, are immature--a factor that made
comparison with the types more difficult.

My material bears a resem-

blance to Boltenella excellans Wade differing from it only by the
absence of a posterior, subsutural cord and absence of a slight posterior, subsutural cord and absence of a slight posterior canal on

R. subturritus.
R. subturritus was recorded only from the upper Pierre Shale of

South Dakota by Meek (1876).

The report herein, therefore, represents

an extension of its range upward into the Fox Hills Formation and northward into North Dakota.
Types.--Hypotypes include UND Cat. No. 13444., ·and UND Cat.
No. 13440.
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Occurrence.--All specimens were taken from locality A480 from
the Trail City Member.
Geologic range.--Maestrichtian.
Family FASCIOLARIIDAE
Subfamily FASCIOLARIINAE
Genus Graphidula Stephenson, 1941
~

species (by original designation).--Graphidula -=-=-=-=-=-=-=-=-=-=;;;;;;;;.;;;..

Stephenson, 1941, Texas Univ. Bull. 4101, p. 345, pl. 66, figs. 13, 14.
Generic diagnosis.--Medium-sized slender, elongate, fusiform
shells with spire usually longer than aperture; aperture lanceolate,
posteriorly angulate; canal elongate and straight or curving slightly
left.

Pleural angle 20-35 degrees.

Columella generally with one moder-

ately strong plait at maturity, up to four plaits present in youth on
some species.
both.

Prosopon ornate to plain, of either ribs or ribbons or

(Modified from Sohl 1964, p. 211 and 1967, p. B31).
Remarks.--This genus, along with the closely related genus

Piestochilus Meek, is connnon in the Upper Cretaceous rocks of the Gulf
Coast and Western Interior.

The two genera contain within them several

as yet poorly understood groupings of species which, due primarily to
lack of material, remain perplexing in the discussion of Pierre and Fox
Hills gastropod faunas.

They probably hold valuable stratigraphic and

paleoecologic significance that can only be understood following a complete revision of both Graphidula and Piestochilus based on new collections from the Western Interior.
unravel them.

Sohl (1964, p. 211) has begun to
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As used here Graphidula contains two species from the Fox Hills
Formation of North Dakota, neither of which were assigned to the genus
by their authors.

All three remained assigned to Fasciolaria (Piesto-

chilus) since 1876 until Sohl (1964) made his revision based upon
Graphidula terebriformis Stephenson from the Nacatoch Sandstone of
Texas.
The original description of Graphidula implied small apical
angles (25 degrees) and two weak plaits on the columella.

These traits

are characteristic of some species assigned by Meek (1876) to Fasciolaria (Piestochilus).

Sohl (1964) has divided Piestochilus placing

P. culbertsoni, R_. alleni, and!:_. cretacea in Graphidula and leaving
P. scarboroughi, the type species of Piestochilus, on the basis of its
wider apical angle (45 degrees).
Without examination of numerous specimens of species in this
genus, some of which_are quite rare, I am obliged to follow the work
of Sohl as latest reviser.

I have collected two species of Graphidula,

G. culbertsoni and G.? cretacea from North Dakota.
is of doubtful generic placement.

The latter of these

In 1964 Sohl placed Piestochilus

cretacea in Graphidula with doubt, due most probably to its possession
of four plaits, whereas the type species has only two such plaits.

In

apical angle and ornament this species conforms to Stephenson's concept
of the genus.

Some hesitancy is justified with regard to this assign-

ment, and future studies with more material may clarify its placement
in the Graphidula group.
The full paleogeographical, paleoecological, and stratigraphic
significance of the Graphidula group, or groups, cannot yet be deciphered due to lack of basic .occurrence and systematic data.

Sohl
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(1967b, p. 10-11) considered that at least two species groups, a southern group and a northern, Graphidula culbertsoni group, are present in
late Campanian and Maestrichtian rocks, and he considered the latter
group to have migrated to the south.

This may well be the case; never-

theless, the genus as now known appears very well developed in late
Campanian rocks of the Gulf Coast, having forms quite distinct from
those of the northern Western Interior.

I would suggest that if Q_.

culbertsoni and allied forms did push southward, they represented a
re-invasion by a modified species group derived earlier from southern
stock,

There is the suggestion that Q_. culbertsoni may be related to

Piestochilus laevigatus Nagao of Japan (Sohl, 1967b, p. 9) which might
contradict my interpretation, or might reflect some other migratory
route.

No similar form has, to my knowledge, been recorded from the

approximate correlative strata of Vancouver Island or northern California where other
have existed.

11

poreal" forms from the Fox Hills fauna seem to

Regardless of the veracity of this hypothesis it should

be clear that better understanding of this and the genus next discussed
will contribute much to our understanding of migratory routes and molluscan faunal provinces.
Geologic range.--Upper Coniacian-Maestrichtian.
Graphidula culbertsoni (Meek and Hayden), 1856
Plate 6, Figures 18-20
Fusus culbertsoni Meek and Hayden, 1856, Acad. Nat. Sci. Philadelphia,
Proc., v. 8, p. 66.
Fusus haydeni Evans and Shumard, 1857, St. Louis Acad. Sci. Trans.,
v. l, p. 41.
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Fasciolaria (Piestochilus) culbertsoni (Meek and Hayden).

Meek, 1876,

U. S. Geol. Survey Terr. Rept., v. 9, p. 360, pl. 32, figs.
la-f, text fig. 44.
Fasciolaria (Piestochilus) culbertsoni (Meek and Hayden).

White, 1879,

U. S. Geol. and Geog. Survey Terr., 11th Ann. Rept., p. 185.
Cryptorhytis (Piestochilus) culbertsoni (Meek and Hayden).

Cossmann,

1901, Essais de paleoconchologie comparee, v. 4, p. 59, textfig. 18.
Graphidula culbertsoni (Meek and Hayden).

Sohl, 1964, U. S. Geol. Sur-

vey Prof. Paper 331-B, p. 211.
Graphidula culbertsoni (Meek and Hayden).

Sohl, 1967, U. S. Geol. Sur-

vey Prof. Paper 393-B, p. B31, pl. 7, figs. 21-24, 29-31.
~

locality.--"Moreau River (South Dakota]; from the Fox Hills

group of the Upper Missouri Cretaceous series" (Meek, 1876, p. 362).
Diagnosis.--Shell large for the genus with whorls slightly to
highly round-sided and with transverse ribs restricted to earlier growth
stages.

Pleural angle 25 degrees.

Material.--Ten specimens, all incomplete, collected from concretions at locality A469 and from sandstone matrix at A467.
nearly complete specimen has the following measurements:

The only
H = 6.1+ cm,

MD= 2.3+ cm, and PA= 28 degrees.
Discussion.--This is a common species in both the Pierre and Fox
Hills Formations of the Western Interior.
morphologic variation.

It shows a great deal of

Several comments (Sohl, 1967a, p. B31) in this

regard are noteworthy.
The holotype • • • from the Fox Hills Sandstone is decidedly
atypical. It possesses strong transverse ribs at a much later
stage than most specimens. More typically, transverse ribs are
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restricted to only the first few whorls or may not be present
at all . • . .
The plaits of the columellar surface also vary. Near the
aperture all specimens have only one weak plication; however,
a range from none to three or four plaits may occur on the
very earliest whorls. These variations all occur within suites
of specimens from the same locality.
An additional variation is also present.

The specimen shown on plate 6,

figure 18 shows two whorls of a robust form with constricted posterior
slopes and slightly impressed sutures.
A469 are yet more inflated than this.

Some specimens from locality
The specimen on plate 6, figure

20 illustrates a very flat-sided form from the Pierre Shale at Glendive,
Montana.

On this specimen there is essentially no posterior constric-

tion and sutures are not impressed.

A third form, not illustrated,

found in Fox Hills concretions on Whitehorse Ridge, South Dakota, has
a very well developed posterior constriction affecting a broad area of
the posterior half of each whorl and producing a marked ventricose
appearance for the anterior half.

In this variation, the holotype

appears to lie between the flat-sided form and the highly-constricted,
robust form.

I have no doubt that a complex relationship is repre-

sented in this species as now broadly understood.

It occurs widely in

Montana, North Dakota, South Dakota, Wyoming, and Colorado (Sohl, 1967a,
p. B32).

Further studies of numerous examples from these areas will

certainly show some specific or subspecific differentiation based on
. stratigraphic and/or ecotypic variation within G. culbertsoni.
Types.--Hypotypes UND Cat. Nos. 919, 921, and 13483.
Occurrence.--This species is rather common in concretions at
locality A469.

It also occurs at locality A467 in sandstone.

These

localities represent collections from both Trail City and Timber Lake
Members of the Fox Hills Formation.
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Geologic range.--Maestrichtian.

II

. ranging from the Bacu-

lites Baculus zone of the Pierre Shale through the Fox Hills Sandstone
" (Sohl, 1967, p. B32).
Graphidula? cretacea (Meek and Hayden), 1856
Plate 6, Figures 1-3
Fasciolaria cretacea Meek and Hayden, 1856, Acad. Nat. Sci. Philadelphia
Proc., v. 8, p. 66.
Fasciolaria (Piestochilus) cretacea (Meek and Hayden).
Geo!. Survey Terr.

Meek, 1876, U.

s.

Rept., v. 9, p. 363, pl. 31, fig. lla, b.

Graphidula cretacea (Meek and Hayden).

Sohl, 1964, U. S. Geol. Survey

Prof. Paper 131-B, p. 211 [assigned with doubt].
~

locality.--"Moreau River [South Dakota]; from the Fox Hills

group of the Upper Cretaceous series" (Meek, 1876, p. 364).
Diagnosis.--Shell small, fusiform; spire of five or six, moderately convex whorls, and about half the height 9f the shell.

Columella

slightly twisted, bearing four or five linear, oblique plaits which are

not exposed when aperture is viewed directly.
fine growth lines only.

Ornament of ribbons and

Pleural angle 29 degrees.

Material.--Two specimens, fairly well preserved but lacking protoconchs.

Outer lips broken on both.

Measurements of each follow:

H

UND Cat. No. 13467.
UND

Cat. No. 13466

MD

PA

1.0 cm

0.4 cm

30

1.1+

0.4

33

Discussion.--The specimens here described seem definitely to belong.
to Fasciolaria cretacea Meek and Hayden.

I have, however, questioned their

generic assignment to Graphidula to which they conform in all characters
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excepting the number of plications on the adult columella.

Sohl's (1964)

assignment of this species to Graphidula was made with doubt for the
same reason, but no more satisfactory placement is readily available.
It is possible that possession of four or five plaits is a juvenile character of the genus that is retained to maturity in this particular species.

As noted above from Sohl's (1967a, p. B-31) comments,

the juvenile whorls of Q_. culbertsoni often possess three or four plaits
in their earliest stages, a fact which lends some credence to the idea.
Further work is required to solve the problem.

At present I follow

Sohl's usage.
This is the first record of the species from North Dakota.

It

appears to be a form endemic to the Fox Hills Formation inasmuch as
records do not list it, or even other closely related forms, from
equivalent rocks of other areas.

Small size and the rather delicate

shell may have resulted in poor preservation or in its being overlooked
during collection in these areas, however.
Types.--Hypotypes UND Cat. Nos. 13467. and 13466.
Occurrence.--From silty sandstone of the Timber Lake Member at
locality A460.
Geologic range.-~Maestrichtian; as presently known, restricted
to the Fox Hills Formation.
Genus Piestochilus Meek, 1876
~

species (by original designation).--Fusus (Pleurotoma?)

scarboroughi Meek and Hayden, 1857 [1858], Acad. Nat. Sci. Philadelphia
Proc., v. 9, p. 139.
Generic diagnosis.--Fusiform shells of medium size with convex
whorls; columella with one or two strong plaits not visible from
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aperture.

Sculpture generally of strong, collabral ribs and ribbons,

the former occasionally subdued.

Pleural angle 35 to 50 degrees.

Remarks.--The close relationship of Piestochilus to Graphidula
has already been remarked upon in my discussion of the latter.

At first

glance there would appear to be less complication in the present concept
of Piestochilus after Sohl's (1964) revision of the two genera.
not the case.

This is

Meek's original diagnosis was as follows:

Shells of small size, with spire and canal produced; volutions
flattened or moderately convex and finely spirally straited, sometimes with vertical folds; plait or plaits of columella not exposed
in a direct view into the aperture, very oblique, and occupying a
higher position than in either of the foregoing; outer lip smooth
within (Meek, 1876, p. 356).
This broad definition includes such forms as P. culbertsoni and P. eretacea which Sohl referred to Graphidula.
boroughi Meek and Hayden as the type.

Meek designated Fusus scar-

In his description of that

species later in the same work (Meek, 1876, p. 359) he makes no mention
of columellar plaits, yet on plate 32, figure 4a he illustrated a specimen of P. scarboroughi with two good columellar plaits.

I have seen the

specimen, and it is as he illustrated.
Sohl (1964, p. 214), in his diagnosis of Piestochilus, stated
that the columella bears one strong plait, a contradiction according to
Meek's specimen and probably a misstatement, since P. curviliratus discussed on the same page, was said to have two plaits.

Sohl's generic

distinction was based principally upon apical angle by the following
statement:

"The columellar placement of these forms [Piestochilus

scarboroughi and Graphidula culbertsoni] is similar and a distinction
is only feasible on the basis of shape" (Sohl, 1964, p. 211).

He
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quantified his shape values in 1967(a) (p. B-31) when he indicated
Graphidula had an apical angle of 20-25 degrees whereas Piestochilus
had an apical angle of 45 degrees.

I have altered his diagnoses in

each case to include forms that are at variance with his.

As both

genera are now understood, the columellar p°laits are more nearly specific than generic characters, although they apparently may even vary
within a species as in the case of Graphidula culbertsoni.
I have tried to follow usage of apical and pleural angles as
the primary difference between these genera.

At present Fox Rills

forms here referred to Graphidula or Piestochilus probably still
represent four distinct species groups, but poor preservation and
lack of large numbers of specimens prohibit further delineation of
taxa at this time.
Two other species are recognize~, P. curviliratus (Conrad)
from the Ripley Formation and f.? levis Stephenson from the Kemp Clay
of Texas.

Other forms referred to Piestochilus have been reassigned

by Sohl (1964, p. 211) to various genera.
Geologic range.--Maestrichtian.
Piestochilus scarboroughi (Meek and Hayden), 1857
Plate 6, Figures 15-17; Plate 10, Figures 14-16
Fusus (Pleurotoma?) scarboroughi Meek and Hayden, 1857, Acad. Nat. Sci.
Philadelphia Proc., v. 9, p. 139.
Fasciolaria (Piestochilus) scarboroughi (Meek and Hayden).

Meek, 1876,

U. S. Geol. Survey Terr. Rept., v. 9, p. 359, pl. 32, fig. 4a,
b, c, d.
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Piestochilus scarboroughi (Meek and Hayden).

Sohl, 1964, U. S. Geol.

Survey Prof. Paper 331-B, p. 211; Sohl, 1967, U. S. Geol. Survey
Prof. Paper 393-B, p. B31.
~

locality.--"Butte au Gres, on the Missouri River [South

Dakota]; in the Fox Hills group of the Upper Missouri Cretaceous series 11
(Meek, 1876, p. 360). ·
Diagnosis.--Shell fusiform, of medium size, very large specimens may reach 6.0 cm in height and 2.3 cm in width; whorls slightly
convex, last whorl having a slight posterior constriction visible
below the suture when outer lip is viewed dorsally.

Curving of col-

labral growth lines reflect this trend; other prosopon of ribbons
about as wide as interspaces and becoming finer anteriorly onto the
rather straight canal.

Columella with one or two plaits.

Pleural

angle about 40 degrees.
Material.--Fifteen specimens in various stages of completeness;
none entirely complete.

Approximate measurements of hypotypes are given

below:
MD

H

UND Cat. No. 13437.

4.7 cm (est.)

2.0 cm

UND Cat. No. 13441.

4.5+

1.8

UND Cat. No. 13452.

6. 5 (est.)

2.3

PA
39

33

Many of these shells are abraided, particularly on the spire, and only
one has the protoconch preserved.
Discussion.--This species, while not previously recorded from
North Dakota, is the most commonly observed neogastropod and one of the
most common gastropods of the fauna.

It is quite characteristic of the

Timber Lake Member of the Fox Hills Formation but is not limited to that
unit.
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Shells of R_. scarboroughi seem to show a slight variation in size
of the last whorl and some specimens from locality A467 are larger than
most; UND No. 13452., above, is an example of this.

I predict that a

study of many specimens will show a sexual and/or ecotypic dimorphism in
which females will be larger and more swollen.

This large shell may be

response to a more energetic environment as well.

The range of varia-

tion does not approach that seen in Graphidula culbertsoni.
Types.--Hypotypes UND Cat. Nos. 13437., 13441., and 13458.
Occurrence.--This species was collected from concretionary sand-
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stone ledges and concretions in the Timber Lake Member at localities
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A460, A462, A465, A479, A677, A719, and A720.

il<L: .JJll!u

Geologic range:.--Maestrichtian, apparently restricted to the Fox
Hills Formation.
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Piestochilus feldmanni n. sp.

~~u,1111P1

Plate 6, Figures 8-14
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locality.--Silty sandstone units of the Trail City Member at

locality A480, a roadcut on

s.

side of gravelled road in the center sec.

26, T. 134 N., R. 71 W., east of Burnstad in Logan Coun_ty, North Dakota.
Some of the lithology at this outcrop is reminiscent of the Timber Lake
Member and is probably referrable to the Irish Creek lithofacies of
Waage (1968).
Diagnosis.--Shell fusiform to sub-fusiform, (holotype approximately
3.8 cm high and 2.1 cm in maximum diameter), with spire nearly straightsided; aperture sub-lanceolate.
and clear collabral growth lines.

Prosopon of somewhat suppressed ribbons
Pleural angle varying from about 43 to

50 degrees, apical angle as high as 72 degrees.

Columella with one broad

11111111 :'
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plait not seen at the aperture.

Protoconch not well known, probably of

twcl llmoot.:h wliorl::.

Description.--This shell is of moderate size, generally subfusiform with straight-sided spire less than one-half shell height,
and with last whorl that is quite ventricose as seen by shape of
outer lip of the holotype on plate 6, figure 11.

Sutures covered

slightly by posterior portion of each succeeding whorl.

Aperture

sub-lanceolate, constricting gently into anterior canal; posterior
quite angular.

Outer lip broken on types; inner lip moderately cal-

lused, smooth.

Prosopon of spiral ribbons as typical of the genus,

but being subdued on the types; no heavy transverse ornament present,
collabral growth lines prosocline, opisthocline, and becoming orthocline in sequence from posterior to anterior on last whorl.

Columella

strong, slightly twisted, and bearing one broad, low plait about midway
along it and not visible from the aperture.

The protoconch may be of

two smooth whorls.
Material.--! have examined seven specimens of P. feldmanni one
of which, the holotype, is in good condition.

All others are in vari-

ous stages of destruction, including one specimen which has been freed
of outer shell to reveal the entire columella.

Measurement for the

various specimens are given below:
H

Holotype UNC Cat. No. 13445.

3.8 cm

USGS loc. 5961

Unfig. spec. USGS loc. 5961

HA

PA

2.1 cm

2.3 cm

45

1.8

Paratype UND Cat. No. 13446.
II

MD

47
43

3.1+
1.8

47

F
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Discussion.--This species resembles a squat, flat-sided Piestochilus scarboroughi in growth line and ornament.

It is clearly differ-

ent from that species because of its generally larger pleural angle,
lack of convexity of spire whorls, shorter overall height, and single
broad plait on the columella.

I am certain that it has been confused

with R_. scarboroughi in the past.

As an example, at least one of the

specimens illustrated by Waage (1968, plate 12, figure B) is probably
P. feldmanni rather than R_. scarboroughi, though I have not examined
the specimen personally.

R_. scarboroughi is often cited as occurring
I'! ;Ji~

in the Bullhead Member when most of these occurrences are probably
P. feldmanni, the former species occurring predominately in the sandy

"- ¥ti
,I

/l[IJJ«!i;'

."1:

l<JillM'l

,.,, ·illll•~

facies of the Timber Lake Member.
The possibility that these two species are merely ecotypic
morphotypes has been considered and rejected on the basis of the
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several distinct differences noted above.

The question of existence

of several closely related species competing for the same niche in
violation of Gause's principle is not pertinent because P. feldmanni
is clearly an inhabitant of siltier, more protected areas, less frequented by P. scarboroughi.

Graphidula culbertsoni occupied yet deeper

offshore waters and is more common in the Pierre Shale and lower concre-

llllll
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tion zones of the Fox Hills.
This species superficially resembles P.? levis Stephenson which
also has a single plait.

It, however, has convex whorls.

I have exam-

ined the holotype of Stephenson's species from theKemp Clay of Texas,
and it is distinct from my species.

There are no other forms that

resemble P. feldmanni.

I

·1
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Etymology.--The species is named in honor of Rodney M. Feldmann
who collected the holotype.
Types.--Holotype UND Cat. No. 13445.; Paratypes UND Cat. Nos.
13446., and 13447., and specimens from USGS locality no. 5961 (from
collections made by T. W. Stanton, June 21, 1909).
Occurrence.--The UND specimens were collected from the Trail City
Member at locality A480 whereas the USGS specimens came from, "Shale
between two principal beds of Fox Hills sandstone on South side of Grand
River 1/2 mile below mouth of Dirt Lodge Creek, S. Dak. 11 according to
the field label accompanying the specimens in the USGS collections.
~!
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Geologic range.--Maestrichtian; Fox Hills Formation of North
and South Dakota.
Piestochilus galpiniana? (Meek and Hayden), 1857

,I

Plate 6, Figures 4-7
Fusus galpinianus Meek and Hayden, 1856 (1857], Acad. Nat. Sci. Philadelphia Proc., v. 8, p. 65.
Fasciolaria (Piestochilus)? galpiniana (Meek and Hayden).

Meek, 1876,

U. S. Geol. and Geog. Survey Terr., v. 9, p. 362, pl. 32, figs.
2a, b.
~

locality.--"Moreau trading post [South Dakota]; No. 5 of

the series" (Meek and Hayden, 1857, p. 65).
Diagnosis.--Shell unequally fusiform; spire rather elevated, or
apparently slightly exceeding the length of the aperture and canal;
suture distinct; volutions about six, slightly convex, upper ones
with apparently obscure traces of vertical folds; last or body volution contracting rather abruptly into the comparatively short, somewhat bent, canal; aperture a little obliquely lance-oval, being
acutely angular above, and tapering into the narrow canal below;
columella a little twisted and bent below, not showing any plaits

l
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externally; surface marked by regular, revolving, somewhat flattened, lines, a little wider than the linear furrows between them,
and more or less strong lines of growth, th.:it show by their curves
th.:it the outer lip_ is broadly ~inuous above (Meck, 1876, p. 362).
Mat·erial.--Several, very poorly preserved, decorticated fragments
which are referred to this species with much hesitation.

None is suit-

able for measurement.
Discussion.--! have given Meek's diagnosis of!'._. galpiniana since
it is the most recent in the literature and my specimens can add nothing
to it.

When Sohl (1964) made his reassignment of members of Piestochilus
•

and Graphidula he deferred .on this species nothing that. it probably did

li!!·.;."f:'.
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not belong in either genus.

This is probably the case based on the bent

canal and uncertain occurrence of columellar plaits.

Jl'/;,1~"li
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,:

I do not have mate-

rial of sufficient quality to erect a new genus, and there does not
appear to be a related genus already established.

The low (28-32 degrees)

~:i1''ll!IU
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apical angle is more suggestive of Graphidula.

Rather than refer my

material to that genus, an action unjustified by its con~ition, I have
elected the conservative alternative of retaining Meek's (1876) assignment until such time as good material may warrant a change.
If my specimens are indeed P. galpiniana, this is the first documented occurrence of it in North Dakota.

On plate 6, figures 4 and 5 I

have illustrated the_holotype (USNM 287) to enhance Meek.'s diagnosis.
Occurrence.--Taken from concretions at locality A689.
Geologic range.--Maestrichtian.
Subfamily Fusininae
Genus Hercorhyncus Conrad, 1868
~

species (by monotypy).--Fusus tippanus Conrad, 1860, Acad.

Nat. Sci. Philadelphia Jour., 2nd Ser., v. 4, p. 286, pl. 46, fig. 41.
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Generic diagnosis.--Fusiform shells with a spire a little less
than one-third total shell height. Whorls peripherally swollen,
constricted above a tuberculate<l shoulder that is.of variable
trcngth, an<l rather strongly constricted b,~low sinus on base of
:ody. Ornament consists of coarse transverse ribs that are
strongest at the shoulder but that die out below on periphery
and on collar above; spiral ornament weak on collar, strong below.
Aperture posteriorly notched, anteriorly drawn out to a narrow
elongate siphonal canal; outer lip crenulate; inner lip rather
heavily callused with an umbilical chink developing opposite the
beginning of the siphonal canal (Sohl, 1964, p. 220).
Remarks.--Hercorhyncus is one of several Campanian and Maestrichgenera including !}aplgyo.J,,:i,it.~ Wade, Euthriofusus Cossmann, and perBoltenella Wade that appear to be closely related.

These have been

1r.;1.,.;,t,
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ariously assigned as subgenera of Euthriofusus (Cossmann, 1925, p. 249;
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Conrad (Wenz, 1944, p. 1306); the latter

1944, p. 1247) and

""'·•lll!iil

poor assignment ·based, no doubt, on the equally poor figure (p.
· 306, fig. 3723) available to him.
Stephenson (1941, p. 321-323) described five new species of
I
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Owl Creek, and Prairie Bluff faunas, Sohl (1964, p. 220) dis-

~1~11111:
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assignments and conclude that two, H. coronale and H.
synonyms of

I!·

tippanus (Conrad) and a thifd, H. mundum

ere reassigned to Pyrifusus.

As earlier workers had done, Sohl

cognized the close affinities of Hercorhyncus and Haplovoluta Wade.
that the significant differences between them were at the sublevel and thus proposed H. (Hercorhyncus) for forms resembling
- ercorhyncus s. s. and Hercorhyncus (Haplovoluta) for forms with well

~

eveloped, transverse prosopon, ornamented basal sulcus, and a wider
ilical chink as exhibited by Haplovoluta bicarinata Wade.
Geologic range.--Upper Cenomanian-Maestrichtian.

rin1,nra ,
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Subgenus Hercorhyncus Wade, 1918
~

species (by original designation).--Haplovoluta bicarinata

Wade,. 1918, Am. Jour. Sci., 4th serv., v. 45, p. 334.
Diagnosis.--Fusiform shells with spire slightly less than onethird total shell height.

Columella of medium to narrow thickness,

twisted left; umbilical chink poorly to moderately well developed;
anterior sulcus weak to moderate.

Prosopon primarily spiral but may

overlie weak to strong transverse nodes particularly at the shoulders.
Remarks.--Sohl (1964) neglected to diagnose this subgenus, a

.

'
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fact which allows some latitude in the assignment of the Fox Hills

I'
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species.

My diagnosis includes characters from his as well as my own

species.
Geologic range.--Same as for the genus.
Hercorhyncus (Hercorhyncus) hollandi n. sp.
Plate 5, Figures 14, 15
~

locality.--The exact locality where Feldmann collected the

holotype is in slight doubt.

It is clearly from the Timber Lake Member.

An extra label was found among the specimens associated with this one in
the UND collection..

It indicated a locality in western Emmons County,

North Dakota where Timber Lake sandstones are commonly exposed.

Feldmann

(197Ja,written communication) indicated independently, that an area in
eastern Emmons County was the possible origin for the specimen.

My

experience would favor the locality implied by the extra label to be
more likely than Feldmann's opinion.
undefined, however.

The exact locality must remain
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Diagnosis.--A delicate Hercorhyncus with very narrow umbilical
chink; approximately 18 strong nodes per whorl on each of three illdefined carinae, with entire whorl uniformly overlain by very fine
cords.

Anterior sulcus poorly developed.
Description.--A fusiform shell, (holotype measures 41.2 cm high

2.5+ cm wide), with pleural angle of the holotype varying from 85
degrees in early whorls to 80 degrees after approximately 4 1/2 whorls.
Spire about one-third total shell height with robust whorls constricting
posteriorly toward suture and anteriorly into a fairly narrow canal,
twisted to the left.
type.
callus.

Posterior notch present but missing from the holo-

Outer lip unknown, probably rather thin; inner lip glazed with

'il'!t
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Umbilical chink not present due to wear, probably very small,

originating about 6 mm above tip of canal.

Columella smooth.

Prosopon
iif :Htli

of eighteen transverse sets of three nodes; the strongest on shoulder

,i.ij1 ri~ill
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of whorl, next strongest slightly more than half-way down, and weakest,
though still well defined, set on anterior shoulder of whorl.

Whorl

IJ'U!li/'!
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uniformly covered by fine cords alternating with yet finer lirae all
becoming finer on the sutural collar.

Along with this fine prosopon

are four stronger cords dispersed over the anterior slope.
covered by fine spiral prosopon.

Canal also

Growth lines orthocline over the

whorl becoming opisthocline on post~rior slope.
of 2 1/2(?) whorls.

billl!fil .

Protoconch smooth,

Earliest teloconch whorls ornamented with trans-

verse ribs producing nodes beginning on the second teloconch whorl,
all but the shoulder nodes being covered by sutural collar of later
whorls.
Material.--One well preserved shell, lacking outer lip.

Mea-

surements as given above.

1111
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Discussion.--This shell with its precise ornament is an im?ortant
addition to the gastropod fauna of North Dakota and the Western Interior.
The genus is a southern one, no species having been previously recorded
from the northern midcontinent.

Sohl (1967b, p. 34) listed undescribed

Hercorhyncus from Utah and Wyoming without documentation; these are,
however, listed as being upper Coniacian to Campanian rather than
Maestrichtian •

.!:!.• (Hercorhyncus) hollandi appears to be a form from a Mississippi
Embayment and Gulf Coast lineage that has extended its range northward
into the northern midcontinent, offering additional evidence that our
area was one of fauna! overlap of boreal and more tropical forms.

The

prosopon of H. (.!:!_.) hollandi is more conservative just as North Dakota
species of Amuletum, P_yropsis, and Remera? tend to be, a fact that has
frequently been attributed to more boreal molluscan forms.

In fact, in

the less developed, ornamented, anterior sulcus, very slight umbilical
chink, and finer spiral prosopon the species is somewhat atypical of
previous concepts of the morphology of the genus and subgenus.

The

nodes are more diagnostic of.!:!_. (Haplovoluta); the narrower umbilical

•

chink, height of spire, and spiral prosopon, characters which I feel

~

are dominant by their precision, are more characteristic of H.

(HercorhY.ncus).

Due to this slight overlap of characters the sub-

generic assignment herein reflects my personal judgement and may be
subject to change.

This judgement is based on comparison of H. (H.)

hollandi with types of both subgenera and their contained species in
the collections of the U. S. National Museum.
Etymology.--This species is named in honor of F. D. Holland,
Jr.--teacher, field companion, and friend.

I
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Types.--H.olotype UND Cat. No. 13450.
Occurrence.--Timber Lake Member of the Fox Hills Formation in
western (or central?) Emmons County.
Geologic range.--Maestrichtian.
Genus Serrifusus Meek, 1876
~

species (by original designation).--Fusus dakotaensis

Meek and Hayden, 1856, Acad. Nat. Sci. Philadelphia Proc., v. 8, p. 65.
Generic diagnosis.--Shell short-fusiform; body-volution large,
and bi- or tricarinate, with carinae more or less nodose; spire
and canal moderate, the latter bent and more or less twisted;
outer lip broadly but slightly sinuous in outline, between the
upper carina and the suture (Meek, 1876, p. 373).

I
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Remarks.--A review of the status of Serrifusus was competently
• I
l I

given by Sohl (1967a, p. B29-30) in which he noted only two other forms
that appeared correctly assigned,.§_. joaquinensis Anderson, 1958, and
S. dakotensis var. vancouverensis Whiteaves, 1879, which Sohl felt was
II

close to the type species."

There is apparently also an unde-

scribed Serrifusus from Wyoming (Sohl, 1967, p. 30) as well.

Sohl

noted that Serrifusus has a western distribution, and I would add,
probably northern as well, since related forms seem absent from Gulf
Coast faunas.
Geologic range.--Santonian-Maestrichtian.
Serrifusus dakotaensis (Meek and Hayden), 1856
Plate 9, Figures I, 2
Fusus dakotaensis Meek and Hayden, 1856, Acad. Nat. Sci. Philadelphia
Proc., v. 8, p. 65.
Fusus (Neptunea) dakotensis (~] Meek and Hayden, 1860, Acad. Nat. Sci.
Philadelphia Proc., v. 12, p. 421.

be

f
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Fusus? (Serrifusus) dakotensis [~] Meek and Hayden.

Meek, 1876, U. S.

Geol. Survey Terr. Rept., v. 9, p. 374, pl. 31, fig. 11; pl. 32,
figs. 6a, c.
Fusus? (Serrifusus) goniophorus Meek, 1876, U.

s.

Geol. Survey Terr.

Rept., v. 9, p. 375, pl. 32, fig. 7a, b(?).
Serrifusus dakotensis [sic], var. vancouverensis Whiteaves, 1879, Geol.
Survey Canada, Mesozoic Fossils, v. 1, pt. 2, p. 119, pl. 15,
fig. 5.
Serrifusus dakotensis [sic] (Meek and Hayden).

Cossmann, 1901, Essais

de paleoconchologie comparee, v. 4, p. 8, pl. 7, fig. 7; Sohl,
1967, U. S. Geol. Survey Prof. Paper 393-B, p. B30, pl. 6,
figs. 12, 13, 18-21.
(?]Serrifusus vancouverensis (Whiteaves).

Anderson, 1958, Geol. Soc.

r'

~

Amer. Memoir 71, p. 171.
Fusinus (Serrifusus) dakotensis [~J (Meek and Hayden).

~

•
Wenz, 1941,

Gastropoda, in Schindewolf, 0. H., Handbuch der Palaozoologie,
v. 6, pt. 5, p. 1262, fig. 3594.
Fusus dakotensis [sic]. Meek and Hayden, 1945, Morgan and Petsch, South

'r

Dakota Geol. Survey Rept. Inv. 49, pl. 5, fig. 4; pl. 6, fig. 4.
~

locality.--Fox Hills Formation on the Moreau River, South

Dakota.
Generic Diagnosis.-- 11 Strongly bicarinate whorls covered by finer
spiral lirations" (Sohl, 1967, p. 330).
Material.--A single specimen was collected from a concretion at
locality A462 where it was observed in cross~section and photographed on
the outcrop.

During extraction shortly thereafter it was irreparably

demolished.
[ ..
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Discussion.--The specific name as used herein is spelled in the
form as used in the original description of the species.

The label on

the holotype bears this spelling (in Meek's handwriting?) as well.

He

subsequently misspelled the specific name as "dakotensis" in 1860 and
1876.

Sohl (1967a) in his synonymy cited the original spelling in this

incorrect manner as well.

According to the Code of Zoological Nomen-

clature, the orfginal spelling must stand unless there is clear evidence
of a copying or printing error in the original citation.

Since the

label of the holotype bears the same spelling as the original descrip-

r· t1m·: :~
I

tion, I assure that the authors' intent was to name the species
J

11

I,

dakotaensis."

In 1860 and thereafter Meek apparently forgot his

original spelling and adopted the incorrect form as have others.
There is no mention of an intentional emendation to the spelling in
any of these references.

For that reason all subsequent incorrect

spellings must be considered "incorrect subsequent spellings" and
can have no standing in the nomenclature.
Whiteaves (1879, p. 119-20, pl. 15) illustrated a form which,
as Sohl (1967a, p. 29) acknowledged, is very close to the type species.
In fact, as synonymous with this form Whiteaves listed a taxon which
Meek (1876, p. 375-6) also felt to be different from his type.

Meek

had termed it a varietal difference without making a nomenclatural
designation but stated (p. 376) that, if it were later found to be a
distinct species, it be designated "Fusus? (Serrifusus) goniophorus."
Whiteaves' figure is of a mature specimen whereas Meek's figure of
the varietal form is of an immature shell (which I have examined),
yet they are essentially identical.

They both differ from the hole-

type by having a more complete posterior carina rather than one

"~'.ii:~":#
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by nodes, perhaps a slight sexual dimorphism or a true sub-

Anderson (1958, p. 117) elevated Whiteaves' form to specific
conunent:

"This form is specifically distinct

om Meek's genotype, though congeneric with it, and may represent the
e age, namely early Maestrichtian. 11

He neither illustrated new

nor made any attempt to justify or clarify this decision;
reason I have left Whiteaves' form synonymous with that of
r

t,m.·...
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Regardless of the level of difference it should suffice to say
there is a form of Serrifusus common to both the Maestrichtian of
the Upper Cretaceous (Maestrichtian?) rocks of the
area of British Columbia.

r:111~1
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Another species, Serrifusus joaquinensis Anderson, 1958, is
(Sohl, 1967a, p. B29).

It appears to represent an

of the posterior carina with concurrent loss of other
Anderson said (p. 172):

"In general form and ornamentation

t i s a southern analogue of, and is correlative with its congener

vancouverensis] described above."
~. dakotensis has been reported, from the Fox Hills Formation
n North Dakota by Sohl (1967a).

Types.--Figured herein is the holotype USNM 256.
Occurrence.--In concretions with Cucullea at locality A462
Lake Member, Fox Hills Formation, Sioux County, North Dakota.
Geologic range.--Maestrichtian.

lli'i!IIII
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Genus Remera Stephenson, 1941
~

species (by original designation).--Remera microstraita

Stephenson, 1941, Univ. Texas Bull. No. 4101, p. 344, pl. 65, figs.

3, 4.
Generic diagnosis.--Medium-sized fusiform shells having spire
more than half the height of the shell; whorls generally flat-sided
more rarely rounded; anterior canal moderately long and very slightly
twisted; posterior canal lacking.

Aperture lenticular to lanceolate,
•hJ'I.\

~,-1ti1,.~

angulated posteriorly; inner and outer lips smooth, not thickened,

.t:_r;,ii=i~
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columella smooth.

Prosopon of collabral, transverse ribs and pro-
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nounced ribbons which become somewhat subdued when crossing ribs.
p.emarks.--This genus strongly resembles Exilia Conrad 1860.
To this extent a note on the status of the genera Exilia and Remera
is in order here.

I have not seen the holotype of~. pergracilis,

though I have seen· several Remera.

Conrad's original des~ription of

the specimen appears below as quoted from Harris (1896, p. 90).
Narrow-fusiform; volutions twelve, convex, with slightly
curved, numerous, narrow ribs, and fine closely-arranged
revolving lines; spire rather longer than aperture, first.
two whorls smooth; beak perfectly straight, minutely straited
to the extremity.

The notch is indicated by the

·I',
ti'

faint prosocline bend of the ribs on the posterior slope in Harris'

~I

figure (pl. 9, fig. 1).

:.
J

No mention is made of a posterior notch on the type although this was
described by Stewart (1927, p. 419).

''I

I;

I

plete.

The outer lip of Harris' specimen is incom-

If it is the type, Stewart's conclusions may be unjustified.

The presence or absence of this notch is crucial since it is a major
factor in familial assignment and therefore generic placement.

'
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Lacking the notch Exilia might easily be placed in the Fasciolariidae
whereas its presence causes the assignment to the Turridae as Stewart
did,

If Exilia is not notched, it may well be a fasciolarid making

Remera most certainly a junior synonym of Exilia.

Comparison of types

is in order.
Other species referred to Exilia, namely _g_. microptygma (Grabb)
and E. diaboli (Grabb) from California, appear closely related to Remera.
They each have spiral prosopon (a continuation of the ribbons from the
,, ~1J.'I , . ,·

anterior slope?) on the inner lip of the columella but this does not

ifl/., t' ,$

,,

appear strong enough in Stewart's (1927, pl. 27, fig. 6a and pl. 39,
i
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fig. 10a) figures to obviate both from inclusion in Remera.
to lack a posterior notch.

They seemed

It is possible that the diagnosis given above

should be expanded yet further to encompass stronger columellar ornament.
Geologic range.

Campanian-Maestrichtian.
Remera? cvancarai n. sp.
Plate 5, Figures 4-5

~

locality.--Concretion zone in base of Fox Hills Formation at

Cut Bank exposure on Beaver Creek, Seeman Park, Linton, Emmons Co., N. D.
Diagnosis.--Remera with rounded whorls and broad ribs, and strong
ribbons, coarsest on the shoulder and only slightly subdued where crossing ribs.
Description.--Incomplete holotype 17,5+ cm high and with maximum
width of 6.2 mm.

Shell fusiform of at least five whorls, pleural angle

approximately 30 degrees.

Sutures impressed; aperture lanceolate taper-

ing rapidly into moderately long, slightly twisted canal.

Inner lip

smooth, thin, with some underlying prosopon showing through; outer lip
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missing, probably thin and simple.

The columella appears to be smooth.

Prosopon of broad, collabral, axial ribs which fade on the anterior
slope; numerous flat-topped spiral ribbons (13 on penultinate whorl of
the holotype) separated by grooves about half the ribbon width.

Ribbons

covering last whorl to tip of canal,coarsest across shoulder of each
whorl with insertion occurring on both anterior and posterior slopes.
Protoconch probably trochoid with three smooth whorls.
Material.--One specimen with well preserved shell material but
lacking outer lip, protoconch, and upper 11/2 (?) whorls.

Measurements

as given above.
Discussion.--It has been exceedingly difficult to place this
species with certainty.

It conforms to the type of Exilia in many ways

but is ornamented with ribbons over the entire spire unlike that species,
nor does it show the slightest indication of a posterior notch or canal
as it should to be allied with E. pergracilis ~· ~· Stewart 1927,

On

the other hand the whorls are not nearly so flat-sided nor the axial
ribs so strong as on most species of Remera.
The above discussion must convey some of my concern for this
assignment, although no other genus is close to this shell, and, rather
than erect a new genus to hold it, I feel it wiser to modify Remera
slightly to accommodate R. cvancararai which may simply be a more
northern member of the predominantly southern genus.
Etymology.--This species is named in honor of Alan M. Cvancara
who collected the specimen (pronunciation:
sample and friendship I value highly.
Types.--Holotype UND Cat. No. 941.

Swun sha ra i) and whose
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Occurrence.--From concretion at locality A469.
Geologic range.--Maestrichtian.
Genus Cryptorhytis? Meek, 1876
~

species (by original designation).--Gladius? cheyennensis,

Meek and Hayden, 1860, Acad. Nat. Sci. Philadelphia Proc., v. 12, p. 422
(=Rostellaria fusiformis Hall and Meek, 1854, not R. fusiformis Pictet
and Roux, 1848).
Generic diagnosis.--Medium-sized fusiform shells with posteriorly
constricted whorls, a relatively long siphonal canal, and several
oblique plaits that occur relatively high on the columella but are
not visible at the aperture (Sohl, 1964, p. 231).
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Remarks.--By Meek's own admission the concept of Cryptorhytis
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was uncertain at the time of its designation by virtue of the poor pres-
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ervation of his original specimens of _f. cheyennensis.

1·

Originally
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assigned to Rostellaria more than twenty years earlier, Meek finally
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removed enough matrix from the columella to find a plait; therefore
he then placed the species in the Fasciolariidae as Fasciolaria
(Cryptorhytis) cheyennensis (Meek, 1876, p. 356).
two species upon which the subgenus was erected.

It was one of
Since that time

the genus has accumulated a remarkable number of ill-defined, poorly
preserved, or otherwise "homeless" species, many of them East Coast
forms, from which Sohl (1964, p. 231) tried to make some order.

The

most recent suggestion by Sohl (1967a, p. B33) is that the low columellar plait, columellar constriction, and sinuous ribs give Cryptorhytis
a strong resemblance to Bellifusus Stephenson which would become a junior
synonym.

Although these similarities exist, Sohl deferred action due to

lack of quality material.

The assignment and material herein do little

to clarify the foggy generic concept of Cryptorhytis.

I
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Geologic range.--Cenomanian-Maestrichtian.
Cryptorhytis flexicostata? (Meek and Hayden), 1856
Plate 5, Figures 1, 2
Fusus flexicostatus, Meek and Hayden, 1856, Acad. Nat. Sci. Philadelphia
Proc., v. 8, p. 66.
Fasciolaria? (Cryptorhytis) flexicostata (Meek and Hayden).

Meek, 1876,

U. S. Geol. Survey Terr., v. 9, p. 367, pl. 19, fig. 2.
Cryptorhytis flexicostata (Meek and Hayden).

Wade, 1926, U.

s.

Geol.

Survey Prof. Paper 137, p. 132.
,!,.,~I

~

locality.--"Yellowstone River [Montana], 150 miles from its

mouth; where it occurs in beds containing a blending of the fossils of
the Fort Pierre and Fox Hills groups of the Upper Missouri Cretaceous"
(Meek, 1866, p. 368).
Diagnosis.--Shell thin, rather short fusiform, spire moderately
high of 6 or 7 whorls each constricted at the suture.

Aperture lanceolate,

constricting abruptly anteriorly into a slightly twisted canal.
with one broad fold nearly bordering canal.

Columella

Prosopon of somewhat sinuous

ribs, overlain by ribbons, strengthening on anterior slope.

vation.

The specimen figured is most complete in overall characteristics

though the prosopon is more worn than some others.

None is complete

enough to warrant measurement.
Discussion.--Meek's placement of this species, like his concept
of the genus, was in doubt.

Since it has not been discussed in the

recent literature, and since this study has produced no material of
suitable preservation to shed more light on the subject, no attempt

,: 11t!~1,:"
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can be made to resolve the dilemma here.

If my identification is correct,

it is the first record off_. flexicostata from the Fox Hills Formation and
particularly that of North Dakota.
Types.--Hypotype UND Cat. No. 13457.
Occurrence.--All specimens were taken from locality A480 from
lithology of the Trail City Member.

None occurred in concretions.

Geologic range.--Maestrichtian.
Family XANCIDAE
l/J'!
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Subfamily VASINAE
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Genus Pyropsis Conrad,. 1860
~

species (by monotypy).

Tudicla (Pyropsis) perlata Conrad,

1860, Acad. Nat. Sci. Jour., 2nd Ser., v. 4, p. 288, pl. 46, fig. 39.
Generic diagnosis.--Shells medium to large, subpyriform with low
to very low spires; whorls peripherally expanded, moderately to strongly
constricted anteriorly; spire with a smooth, pyriform appearance or, in
forms with angular shoulders, with a step-like silhouette.

Aperture

thickened within; inner lip moderately to heavily callused, columella
smooth with a broad, weak or strong swelling above the siphonal canal
that may produce an umbilical fissure behind the columellar lip.
mella straight to gently flexed.

Colu-

Prosopon generally ornate, of nodose

to spinose spiral chords; growth lines orthocline to mildly prosocline.
Protoconch round-topped, of two whorls, slightly raised above plane of
volution of teloconch.
Remarks.--The concept of this genus became confused after its
proposal due to poor definition both of it and related genera, as well
as to genetic proximity to several other taxa commonly present in Upper

'
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Cretaceous strata.

Sohl (1964) has partially modernized our concept of

Pyropsis including in it Stephenson's (1941, p. 316) genus Medionapus,
and thus Wade's (1926) genus Trochifusus, noting (p. 235) that:
Although the type species of Pyropsis and Medionapus appear to
be widely separated when compared, the other included species,
variously assigned to Pyropsis, Medionapus, or Trochifusus,
seQm to f1ll in the gap between the two end members.
He therefore treated Medionapus as a junior synonym of .Pyropsis.

At the

same time he accepted the generic distinction of Tudicla, in which
Pyropsis was originally situated, and of Stephenson's genus Napulus.
u1:1.-

Sohl (1967a, p. B7, 8) gave much significance to the fact that Pyropsis

~rr
\\i,

can be traced readily through Upper Cretaceous rocks with several line-

::t

..~I.I~,_$

~i;
.1~~-

l'il:lili'-

H1IW~·

411lr,,

ages definable both geographically and through time.

It was his con-

clusion that isolation and re-invasion of various genetic units within
the group reflected fluctuation of the Upper Cretaceous seaways over

iillll
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the Western Interior from the Cenomanian through the Maestrichtian.
This hypothesis is justified and agree~ with con6lusi~ns presented
herein for other members of the Fox Hills neogastropod fauna.
is a more tropical genus.

Pyropsis

It has no analogs yet reported either from

the marine Maestrichtian of Canada or from that of California.

Once

the Vasinae of the Western Interior are all clearly defined taxonomically and stratigraphically they will furnish a superb tool for
paleogeographers and paleoecologists.
Generic range.--Cenomanian-Maestrichtian.
Pyropsis bairdi (Meek and Hayden), 1856
Plate 7, Figures 1-6; Plate 8, Figures 1-5
Pyrula hair.di Meek and Hayden, 1856, Acad. Nat. Sci. Philadelphia Proc.,

v. 8, p. 66.

-
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Busycon bairdi (Meek and Hayden), 1856, Acad. Nat. Sci. Philadelphia
Proc., v. 8, p. 126.
Pyropsis bairdi (Meek and Hayden).

Meek, 1876, U. S. Geol. Survey Terr.

Rept., v. 9, p. 369; Sohl, 1964, U. S. Geol. Survey Prof. Paper
331-B, p. 235.
~

locality.--"Moreau River and Fox Hills [South Dakota].

No. 5 of series" (Meek and Hayden, 1856, p. 66).
Diagnosis.--Shells large, pyriform, with spire elevated less than
half the height of the aperture; whorls shouldered by a nodose carina.
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Suture impressed, formed below uppermost carina of each preceding whorl.

'. ,:. Ii' ~f.
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Anterior canal long, bent slightly in youth, becoming straight after

,,11111~,,

3 1/2 or 4 whorls.

Aperture oval to suboval, contracting anteriorly

Will~
,,111111
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to narrow canal, columellar lip and thickened, reflexed outer lip
::;i1m11

develop in maturity.

Columellar lip swollen slightly into aperture

l,,lillill
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at base of canal producing a smoothly-rounded parietal geniculation;
:::111!'

columella smooth and umbilicate.

Prosopon of faint, slightly proso-

111m1
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cline, growth lines; three major spiral, nodose carinae and minor

~I

spiral threads, or cords (depending on age of specimen), approximately
20 on posterior slope of third and fourth whorls, a dozen or so on ante,rior slope, becoming stronger at maturity.

Protoconch smooth, slightly

raised, not deflected.
Material.--Four specimens, one immature, three mature.
mature specimen with aperture partly broken yet showing flaring.
with siphonal canals broken .off.

One
Two

Shells partially wave worn and decor-

ticated; preserved in concretionary sandstone.
Measurements of material used in this study are as follows:
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P. bnirdi
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USNM 252* (ho lo type)

8.8

cm

UND No. 13435

5.0

cm

4.3

II

II

13431.

II

II

13434.

6.8+

5.1+

II

II

13433.

4.3

2.6

5.8+

4.5

6.9

P. bairdi rotula
USNM 252* (holotype)

USGS Loe. 5882
2.3+
3.6
*Note both specimens carry the sane number in the USNM.collection.
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Discussion.--P.
far reported from the
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Fox Hills Formation.

sion above the genus is a southern one.

As indicated in the discus-

This species reflects the trend

of many such immigrants by decreasing the degree of ornateness of the

1111111
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shell.

The carinae and nodes are much subdued when compared with Missisr.1:11:'

sippi or Texas species.

;ri·

Meek (1876) designed P.

Ifill

varietal form with stronger chords, more nodose carinae, and flatter
posterior ramp.

11;r

m:

This is a more ornate form of P. bairdi as shown on

plate 8, figures 4, 5, and plate 7, figures 6-8, which illustrate the
holotype and an immature specimen in USGS collections from South Dakota.
I am inclined, because of the more bent anterior canal, convex,
more carinate and nodose whorls, and free rather than adnate inner lip
callus, to consider Meek's varietal form as a distinct species.

It is

rare and has not been found in North Dakota hence no reassignment is
made herein.

The possibility that these differences are the result of

sexual dimorphism also exists.

It will provide an interesting problem

for further study when more specimens become available.
i
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Types.--Hypotypes UND Cat. Nos. 13431., 13433., 13434., and
13435.
Occurrence.--Collected from concretionary sandstone lenses of
the Timber Lake Member at locality A466 and A676 and from concretions
in the same member at localities A457 and A461.
Geologic range.--Maestrichtian.
Genus Perissitys Stewart, 1927
~

species (by original designation).--Perisolax brevirostris
LU;t

(Gabb).

.,•••. ,11

Stewart, 1927, p. 426, pl. 20, fig. 4.

~:1'_1:,~r~
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Diagnosis.--Shell large, pyriform, appearing blunt due to thicken-
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ing along sutures; teloconch expanding rapidly, whorls expanded, squat
with last whorl having anterior slope expanded approaching the lip causing widening of posterior portion of the columella.

Posterior portion of

whorls a broad inclined ramp becoming a high collar overlapping the suture;
shoulder moderately-well to well developed.

Aperture subcircular to sub-

ovate(?) narrowing into long anterior canal.

Columella thick, long (may

be longer than spire), twisted, having a wide fold bordering the canal.
Inner and outer lips undescribed.
strong nodes on shoulder.

f·

Prosopon of weak costae producing

Five or six major carinae, the posterior most

at the shoulder, distributed anteriorly onto anterior slope, frequently

becoming cleft where crossing costae.

Three or more cords distributed

between carinae on whorl an.d present on ramp.

Protoconch not well known

(Modified from Stewart, 1927).
Remarks.--This genus is poorly covered in the literature since
its description by Stewart from Gabb's (1864, p. 91, in Stewart, 1927,
p. 426) species Perrisolax brevirostris.

Several species of Gabb's

I'
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genus Perrisolax (type by subsequent designation of Whitfield, 1892,
p. 34) were proposed for East Coast and Ripley specimens by Weller
(1907), Whitfield (1892), and Wade (1926).

Stephenson (1941, p. 318)

designated Perrisolax whitfieldi (Weller) as the type of his genus
Napulus.

Forms of Perrisolax have been distributed among and/or

erroneously referred to Pyropsis, Tudicla, Perissitys, and Cophocara
to name a few.
In his restudy of Gabb's material Stewart described both
Perissitys and Cophocara from material previously considered to be

!I-'
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Perrisolax brevirostris; the main difference being that Cophocara
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contains a form which has a strong secondary sutural callus deposited
over each previous whorl as new whorls are added.

iilli""'
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I suspect this is

a gradational or ecotypic form and should not have generic standing,
JII

but further California specimens must be found to prove or disprove
this.

,111
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The Fox Hills species to be considered here is thought to

belong to Perissitys in the sense of Stewart and of the diagnosis
herein, which is my own modified from his descriptions.
Geologic range.--Campanian(?)-Maestrichtian.
Perissitys? n. sp.
Plate 5, Figure 16
Material.--Fragments of three specimens collected by Feldmann
from two localities.
badly eroded.

In two cases the apical whorls are present but

Some whorl fragments preserve good ornament and second-

ary sutural deposits as diagnosed above for the genus.

Two portions

of columella are also present.

·-
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Discussion.--! have taken Stewart's (1927, p. 426) acceptance of
Whiteaves' (1897, p. 356, pl. 43, fig, 3) to signify the veracity of that
identification.

Whiteaves' specimen was Perissitys brevirostris from the

Vancouver Island area.

This indicates to me a northward range for the

genus creating the strong possibility for its presence in Fox Hills rocks
of North Dakota.
My material is not complete enough to make a positive identification of the generic much less the specific identification of the specimens.

Nevertheless available portions indicate that I am correct and

tu;t. ·j'
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also that the species represented is a new one.

The shoulder nodes are

:, ,)I.
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weaker, carinae stronger, and posterior ramp at a slightly higher angle
than in P. brevirostris.
developed as well.

Cords on the anterior slope are much less

If this identification is correct it represents
::1\Hlli

an extension of the genus from the West Coast into the Western Interior
and is new to North Dakota.

It resembles nothing previously described

by early workers such as Meek and Hayden, White, or Morton.
Types.--Hypotype UND Cat. No. 13453.
Occurrence.--Fragmental specimens collected from matrix of Timber
Lake(?) Member at localities A726 and A618.
Geologic range.--Maestrichtian.
(?)Perissitys sp.
Plate 5, Figures 17, 18
Material.--One internal mold of 3 1/2 whorls preserving, in matrix, a portion of the columella.
costae but no spiral ornament.
mella twisted.

Larger whorls show slight indication of
Sutures are deep and thick, and the colu-

ii'llill
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Discussion.--This steinkern might represent any of several genera.
It is difficult to recreate the appearance of a Perissitys but with secondary covering of the suture, as is common in the genus, I believe it
could be done.

Lack of spiral ornament on the mold is of little concern

as examination of the internal wall of material from the previous species
shows that cords and carinae are not reflected on the interior of the
whorl.

This specimen was taken from the same area as the last species.

Until it is better known further speculation is fruitless.
1•u-

Types.--Hypotype UND Cat. No. 13436.

1·11 -:,lr

~t_i:i,~¥,

Occurrence.--From Timber Lake Member (possibly in concretion) at
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locality A615.
Geologic range.--Maestrichtian.
Suborder NEMATOGLOSSA
Superfamily CANCELLARIACEA
Family CANCELLARIIDAE
Genus Cancellaria Lamarck, 1799
~

species (by monotypy).--Voluta recticulata Linnaeus, 1~67.

Generic diagnosis.--Medium~sized, stout, low to moderately high
spiral shells.

Siphonal canal short, narrow and twisted; outer lip

thick, lirate within; inner lip glazed by callus.

Aperture lenticular;

columella having two or three folds with posterior plait generally
:[

strongest.

Umbilicus perforate to imperforate.

Prosopon usually can-

cellate (modified from Sohl, 1964).
Remarks.--Until 1941 no members of this genus had been recognized
from Mesozoic rocks.

At that time Stephenson (1941, p. 362-3) described

Cancellaria? matsoni from the Kemp Clay (Maestrichtian) of Texas, a
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species not very reminiscent of later Cretaceous members of the genus.
Sohl (1964, p. 268-9) described Cancellaria? macnairyensis from the Coon
Creek Tongue of the Ripley Formation of Tennessee.

Although Sohl ques-

tions his generic placement of the species, there is little doubt in my
mind after seeing his specimen that it is a Cancellaria.
true for the North Dakota material herein described.

The same is

Stephenson's

C.? matsoni remains uncertainly placed, in my opinion, since it apparently lacks the most anterior columellar plait present on both C.
macnairyensis and the North Dakota species.
·;ii: \~t.,,

Generic assignment of my specimens was made more difficult by
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their similarity to several cancellariid genera including Admete Moller,
Bonellitia Jousseaume, and more superficially, Paladmete Gardner.

The

last possesses similar shell habit but lacks plaits on the columella.
Admete may have two or more waak folds, but the anterior canal is
imperforate and there 1s no fascicle.

Bonellitia is the closest genus

~!Mil,
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in general aspect; however, it is imperforate, often possesses varices
and has a fascicle on the anterior canal.

Olsson (1964, p. 128) conI

sidered Bonellitia a subgenus of Admete to which it is closely related.
Harris and Palmer (1947) considered it a distinct genus.

Bonellitia is

"
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the only genus of these three which definitely ranges into the Cretaceous
(Maestrichtian).

Stephenson in 1952 reported a questionable occurrence

of Paladmete? from the Woodbine of Texas but his material consisting of
two latex molds was indeterminate.

Decision to assign the North Dakota

material to Cancellaria is based on the weakly perforate anterior canal,
possession of a weak fascicle, lack of varices and rather well developed
anterior canal indicated in figure 5 of plate 10.

i
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A note on the subordinal assignment of Cancellaria herein is
necessary.

A recent examination of cancelariid radulae by Olsson (1970)

has shown that they are qu~te unlike those of any other group.

He~ pro-

posed (p. 19) to indicate this by erecting the order Nemaglossa to hold
the Cancellariidae.

Previously the family had been assigned both to the

Toxoglossa (Keen, 1963; Thiele, 1935) and the Stenoglossa as in Taylor
and Sohl (1962).

Olsson's work appears significant enough to justify

removal of the Cancellariidae from the Stenoglossa and their placement
in Nematoglossa, a taxon her·e treated at the subordinal rank in keeping
with the format of Taylor and Sohl.

The superfamilial assignment is

made in the sense of Olsson (1964).

It is clear that the cancellariids

had begun their development by the late Cretaceous.

Their radulae may

be a refinement of the stenoglossate radula evolving toward its use in
the manner of the toxoglossate radula.

Not enough is yet known of

present cancellariid feeding habits to attempt extrapolation of data
toward paleo-feeding habits and thus toward feeding-based-evolutionary

ii'

•
i

trends.
Generic range.--Late Campanian or Early Maestrichtian-Holocene.
Cancellaria siouxensis n. sp.
Plate 1.0, Figures 1-5

!YE.£ locality.--These specimens were collected from the Timber
Lake Member of the Fox Hills Formation from a 6-inch thick zone of
sparse shell accumulation approximately 3 feet below the top of a roadcut section near the center sec. 21, T. 129 N., R. 79 W., 8 miles SSW
of Ft.: Yates, Sioux County, North Dakota~· ' ·

'J
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Diagnosis.--Shell small for genus; spire about half total shell
height; aperture constricted anteriorly to a short perforate canal; inner
lip lightly callused; outer lip with six denticles; columella with three
plications of nearly equal strength.
row transverse ribs.

Prosopon of spiral ribbons and nar-

Protoconch naticiform, of approximately 2 1/2

whorls.
Description.--Shell small; spire about half total shell height;
pleural angle about 50 to 53 degrees.

Aperture broadly lenticular,

widest approximately two-thirds of the distance posteriorly, constricting rapidly anteriorly to a short canal; whorls with rounded posterior
shoulder.

Inner lip glazed, smooth; outer lip not thickened, having 6

denticles recessed within the aperture and evenly spaced along the lip
wall.

Columella with three plaits, anterior-most slightly less well

developed and very slightly oblique to the others.
developed slit on most mature specimens.

Umbilicus a well

Prosopon a combination of

spiral ribbons and narrow, opisthocline, round-topped, transverse
costae; about 24 ribbons on ultimate whorl, 8 on penultimate whorl.
Spiral ribbons crenulate on posterior slope of each whorl.

Costae

approximately 20 or ultimate whorl, most strongly developed on the
shoulder and fading out on anterior slope;·secondary ribbons inserted
between the 5 or 6 primary ribbons midway along the anterior slope.
Protoconch about 2 1/2 smooth naticiform whorls.
Material.--Twenty specimens, both mature and immature, most with
aperture damaged, many with penultimate whorl bored by predators.
taken from friable, silty sandstone; none from concretions.

All

The follow-

i~g is a sum.'11.a.ry of the measurements of the type material and additional
topotypic specimens:
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H

MD

PA

UND Cat. No. 13470.

(Holotype)

. 6.0 cm

.34 cm

47

UND Cat. No. 134 71.

(Paratype)

.55+

.29+

48

II

II

II

13472.

ll

.69

.40

47

II

II

II

13473.

II

.83+

.42+

55

Discussion.--Specimens of this species were one of the most common forms represented at locality A460.

As such it is known from more

material than either Cancellaria? macn~iryensis Sohl or C.? matsoni
Stephenson for which only the respective holotypes are known.

Both of

the aforementioned species have stronger transverse prosopon than
C. siouxensis; their apertures are thicker, and shells are shorter.
Cancellaria siouxensis has closer, finer ornamentation, and it is
more subtle .than the prosopon of either of the other Cretaceous
species.

In form and ornament it more closely resembles f_.? macnairy-

ensis from the Ripley Formation than it does C.? matsoni.

This is true

also in view of the columellar plaiting; f_.? macnairyensis and C.
siouxensis each possess three plaits whereas f_.? matsoni }las only two.
My material bears some resemblance to older and younger material
from the Cenomanian of Texas and the Paleocene of North Dakota, respectively.

An indeterminate specimen referred by Stephenson (1952, p. 192,

pl. 43, figs. 38 and 39) to Cancellaria? sp. has a slight resemblance to

·c.

siouxensis but the costae on the former are more narrow and curved

and the anterior canal appears to have been longer and more twisted.
His single specimen was too poorly preserved to determine but his
generic placement seems to be correct.

In 1921 Stanton described two

species from the Cannonball Formation (Paleocene) of North Dakota

I

I
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which are similar to C. siouxensis.

Fasciolaria lloydi (p. 42) is larger

than.£. siouxensis, has a more reticulate prospon, and lacks a strong
anterior plait.

Fasciolaria? cordensis is closer in columellar structure

but has finer prosopon and lacks the strong shoulder and posterior slope
of the whorls that are present on.£· siouxensis.

Both of Stanton's

species are probably referrable to the Cancellariidae as used herein and
Fasciolaria? cordensis is probably close to C. siouxensis and should be
assigned to Cancellaria.
Cancellaria siouxensis is the first representative of that genus
to be definitely assigned from the Cretaceous.

It is the first record

of any cancellariid genus from the Fox Hills Formation or from North
Dakota rocks exclusive of Stanton's incorrectly assigned species Cancellaria cordensis.

Additional work with the cancellariids of the

northern Western Interior should demonstrate their paleoecologic, and
perhaps stratigraphic, value.

Their small size and rarity make both

uses difficult to assess at present.

They probably represent a south-

ern stock migrating northward and eventually trapped here to remain
part of the Cannonball marine fauna.
Etymology.--The specific name was developed with three sources
in mind:

(1) the "Fighting Sioux" of the University of North Dakota;

(2) the Sioux Indian Nation,on whose land the specimens were collected;
and (3) Sioux County, North Dakota, in which that land is located.
Types.--Holotype UND Cat. No. 13470.; Paratypes UND Cat. Nos.
13471., 13472., 13473~, and 13474.
Occurrence.--Timber Lake Member, Fox Hills Formation, UND collecting locality A460, Sioux County, North Dakota.
fine, silty sandstone.

All from friable

l
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Geologic range.--Maestrichtian.
Suborder TOXOGLOSSA
Superfamily CONACEA
Family TURRIDAE
Genus Amuletum Stephenson, 1941
Type species (by original designation).--Turricula macnairyensis
Wade, 1926, U. S. Geol. Prof. Paper 137, p. 113, pl. 36, figs. 8, 9.
Generic diagnosis.--Small rather slender shells with a spire
about half total shell height. Protoconch proportionally large
consisting of 3 to 4 smooth whorls. Whorls rounded, slightly
constricted posteriorly to a sloping subsutural collar. Transverse and spiral sculpture is sometimes nodose. Siphonal canal
elongate, slender, and curved somewhat; outer lip with a rather
shallow subsutural sinus. Columella lacks plications and narrows
to a thin edge at the anterior extremity (Sohl, 1964, p. 274).
Remarks.--Several turrid genera, some closely related, others
only distantly so, have been defined and redefined by numerous workers
in attempts to clarify relationships within this large family.

Many

early forms were placed in Turris or Pleurotoma and later in Turricula,
Surcula, Exilia, Amuletum, Lutema, Beretra, and Remnita as more and
more material became available.

The present understanding of the genus

has evolved principally from Wade's (1926) work on the Coon Creek fauna
and Stephenson's (1941) Navarro studies.

Sohl (1964) has carried

Stephenson's work on a step further as the following discussion will
illustrate.
Amuletum Stephenson is based on Turricula macnairyensis Wade
one of five new Turricula which he described in a fauna of seven
turriculid species from the Coon Creek.

In 1941 Stephenson (p. 369)

noted with ample justification the following:
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The genus Turricula, to which Wade referred his species, is
founded on the Recent Turricula flamea Schumacker (;Murex
javanus Chemnitz, not Linne= }1urex tornatus Dillwyn, not
Turris tornatum Bolten), from the oriental seas. This species
is a large, nearly smooth form having a spiral angle of about
35 degrees; it has a proportionately larger body whorl, a conspicuous constriction below the suture, and a pronounced
shoulder; these characters seem to amply justify erecting a
new genus for the Cretaceous shell. None of the species
r~ferred by Wada to Turricula belongs to that genus.
At the same time Stephenson described two new species of Amuletum, A.
curvocostatum and A. venustum.

He also erected the genus Lutema

(Stephenson, 1941, p. 373), based on simpsonensis; the genus Beretra
(p. 375) based on firma, Conrad(= Turricula ripleyana (Conrad, Wade),
Surcula.amica Gardner (= Turricula amica (Gardner) Wade), and Turricula gracilis Wade; and the genus Remnita (p. 379) based on Turricula
biacuminata Wade, referring
costa Wade to that new genus.

Turricula faceolata Wade and T. anomaloI have examined the types of these

genera and many included species in the collection of the U. S.
National Museum and they do, in fact, seem to demonstrat~ valid differences, but, as the rest of this discussion will illustrate, they
are closely related.
The present understanding of Amuletum, Lutema, and Remnita follows the work of Sohl (1964) who noted that Amuletum and Lutema can be
distinguished only on the type of sculpture on later whorls; Remnita,
however, differs in nature of columellar lip, collar sinus, and spiral
ornament.

For these reasons he considers Amuletum to contain 2 sub-

genera, Amuletum ~-~·and Amuletum (Lutema) retaining Stephenson's
types for each.

Sohl also noted that A. curvocostatum Stephenson is

a synonym of A. ripleyana Wade which in turn is synonymous with
A. macnairyensis.
I

l
!
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Apparently a great deal of variation occurred within A~uletum at
this (Ripley) point in time.

Sohl (p. 276) distinguished two subspecies

of A. (A.) macnairyensis and one new species!:::_. (!:::_) dumasensis, from the
Ripley Formation.

That makes five species of Amuletum s. s. from the

Ripley and, with his recognized species of A. (Lutema) linbatum, a total
of six for Amuletum s. 1.

There are also 3 species of Remita and three

of Beretra in the Ripley fauna.

Apparently (fortunately?) these genera

did not "blossom11 in the northern Western Interior to the extent that
they did in the Mississippi Embayment and Gulf Coast Cretaceous seas,
since only Amuletum is present, and it is represented by two species at
most in the North Dakota Fox Hills fauna.
faunas may reveal others.

More work on Pierre Shale

Three forms recorded by Stanton (1920, p.

45-46), including "Turris cordensis, 11 Turris lloydi, and perhaps
"Turricula" cincta from the Cannonball Formation (Paleocene) in North
Dakota, are referrable to Amuletum indicating a later expansion of
the species in northern waters.
Geologic range.--U. Campanian and Maestrichtian--Tertiary(?).
Subgenus Amuletum Stephenson, 1941
~

species.--Turricula macnairyensis Wade, 1926, U. S. Geel.

Survey Prof. Paper 137, p. 113, pl. 36, figs. 8 and 9.
Diagnosis.--Amuletum with poorly developed or no shoulder, well
developed spiral sculpture and non-nodose character of transverse ribs.
Geologic range.--Same as for the genus.

.
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Amuletum (Amuletum) minor (Evans and Shumard), 1857
Plate 5, Figure 3
Pleurotoma minor Evans and Shumard, 1857, St. Louis Acad. Sci., Trans.,
V.

1, p. 42.

Turri:::; minor (Evans and Shumard).

Meek. and Hayden, 1860, Acad. Nat.

Sci., Philadelphia Proc., v. 12, p. 41; Meek, 1864, Smithsonian
Check-List N. American Cretaceous Fossils, 22.
Turris minor (Evans and Shumard).

Meek, 1876, U. S. Geol. Survey Terr.

Rept., v. 9, p. 384, pl. 31, figs. 9a, b, c.
Turricula minor (Evans and Shumard).

Wade, 1926, U. S. Geol. Survey

Prof. Paper 137, p. 113.
Pleurotoma minor Evans and Shumard (=Turris minor Meek).

Stephenson,

1941, Texas Univ. Bull. 4101, p. 370.
~

locality.--From Moreau and Grand River Valleys, South Dakota,

apparently from Fox Hills rocks.
Diagnosis.--Slim, fusiform shells with moderately strong posterior
constriction of whorls, ribs strong on posterior slope and across the
shoulder and fading out rapidly on anterior portion of last whorl, one
or two finer ribs between each major rib on later whorls; ribbons 10-12
on penultimate whorl narrow on posterior slope, wider and stronger toward
anterior.
Material.--One specimen removed from concretion, lacking early
whorls and having outer lip damaged and covered.
Discussion.--In degree of coarseness of ribs and general aspect
this species most nearly resembles A. (~) dumasensis Sohl and to a lesser
exten~ A. (A) macnairyensis, both of the Ripley Formation.

With

__.
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examination of a great many more Fox Hills specimens it is not inconceivable to me that

A·

(A) minor might be shown to vary enough to overlap one

of the above species in which case the Ripley form would prove to be a
junior synonym of

A·

minor (Evans and Shumard).

No such material is

available to me at present and the characters of the material at hand
show it to be distinct from the Amuletum s.

discussed by Sohl (1964)

from the Ripley.
A form described as Surcula raricostata by Gabb from the California Tertiary (Stewart, 1927) is most certainly an Amuletum and bears some
resemblance to A. minor.

Whiteaves (1879, p. 116-117) described an A.

raricostata from the Vancouver Island area that closely fit Gabb's
description save in a few details deemed to be of only varietal significance.

These specimens, as figured, both show characters of Amuletum

and both have a general resemblance to Amuletum
Fox Hills Formations.

s. in the Ripley and

It would seem that there is here food for thought

regarding latitudinal climatic affects on and dispersal directions of
Amuletum during the Maestrichtian.
sented in more southerly waters.
is still in question however.

Apparently it was more widely repreJust where the origin of Amuletum was

It was probably also present in Paleocene

marine rocks in North Dakota in seas that most likely had their origins

from the north~ perhaps indicating that the group could cope. with climatic types in more northerly climes.
Types.--Hypotype, UND Cat. No. 994., pl. 5, fig. 3.
Occurrence.--Single specimen taken from concretions near base
of the Fox Hills Formation at locality A469.
Geologic range.--Maestrichtian.

ill
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Subgenus Lutema Stephenson, 1941
~

Stephenson.

species (by original designation).--Lutema simpsonensis
Sohl, 1964, U. S. Geol. Survey Prof. Paper 331-B, p. 278.

Diagnosis.--~edium sized fusiform to subfusiform Amuletum
like (sic] shells that possess subdued ornament, with the

transverse sculpture either suppressed or accentuated and
having a tendency for stronger shouldering and a development
of noding at the shoulder (Sohl, 1964, p. 278).
Geologic range.--U. Campanian-Maestrichtian.
Amuletum (Lutema) sp.
Plate 5, Figures 6, 7
Material.--Two, probably immature specimens, one complete the
other with outer lip broken away, are the sole representatives of this

m11,
flllf'

··:1

species in the UND collections.

Measurements of the specimens are as

follows:
MD

UND Cat. No. 13463.

. 72+ mm

.30 mm

UND Cat. No. 13478.

.87+

.28+

Discussion.--These shells closely conform to Sohl's (1964) diagnosis of the subgenus as given above.

They are also very close to, if

not conspecific with, his undetermined Lutema (p. 279).

The sculpture

of transverse ribs on the second whorl is lost after the second teloconch whorl as he described.

This occurrence marks a geographic exten-

sion of Lutema into North Dakota and a stratigraphic extension into the
Fox Hills Formation.

More adult material will be required for correct

placement of the species.
forms.

It does not agree perfectly with any described

Surcula suciensis Whiteaves (1879, p. 115-116) from the Cretaceous

deposits of the Sucia Islands, British Columbia is probably a Lutema and

-.-
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may thus have affinities with this form, yet, because his species is so
poorly figured, there is little way of ascertaining without seeing the
type.

Suffice it to say that this species, too, seems to indicate close

relationships between Gulf and Arctic forms overlapping in North Dakota
latitudes.
Types.--Hypotype, UND Cat. No. 13463., pl. 5, figs. 6 and 7.
Occurrence.--From fine friable sandstones of the Timber Lake
Member of the Fox Hills Formation only at locality A460.
Geologic range.--Maestrichtian?
Family UNCERTAIN
Genus and species uncertain
Plate 10, Figures 12, 13
Material.--One specimen which is badly decorticated and has
broken outer lip and canal.
Discussion.--This single specimen is of a moderate sized gastropod with robust whorls, impressed sutures covered by overlapping shell.
Shell is thick and the columella smooth.

It superficially resembles

Astandes from the Pierre Shale and Cantharus vaughni from the Cannonball Formation.

It is too large for!::_. densatus of the Pierre.

C.

vaughni would be the best suggestion, but the preservation is too poor
to justify assignment.

Until such time as more specimens are found it

must remain an unassigned element of the Fox Hills gastropod fauna in
North Dakota.
Types.--Hypotype UND Cat. No. 13438.
Occurrence.--From concretionary sandstone unit at locality A467.
Geologic range.--Maestrichtian.
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Subclass EUTHYNEURA
Order OPISTHOBRANCHIA
Superfamily ACTEONACEA
Family RI~GICULIDIDAE
Oligoptycha Meek, 1876
~

species (by original designation).--Actaeon concinnus, Hall

and Meek, 1854, p. 390.
Generic diagnosis.--~lobose shell, spire depressed. Sculpture
of incised spirals consisting of a series of chainlike links.
Outer lip thickened to a rounded rim at mature stage, interiorly
smooth to denticulate. Columella has a strong anterior fold and
bears from zero to two weaker parietal folds (Sohl, 1967a, p. B34).
Remarks.--The history of this genus is long and in concept has
become alternately clear, clouded, and clear again as collections are
restudied.

Oligoptycha was first proposed by Meek (1876, p. 283, mis-

spelled "Oligoptych") as a subgenus of Cinulia Gray along with Cinulia
s.

and Avellana (d'Orbigny).

designated as the type.
(1926).

Actaeon concinnus (Hall and Meek) was

Oligoptycha was given generic rank by Stewart

After Meek's work several additional forms from North America

were referred to Cinulia (sensu Gray)--Cinulia (Oligoptycha), Oligoptycha,
Avellana, and Erypticha, all closely related ringiculids.

Wade (1962),

and later Stephenson (1941) discussed Oligo2tycha americana (Wade) of
che Gulf Coast and Mississippi Embayment Cretaceous.

Sohl (1964, p.

295-6) refined the generic diagnoses to include characters of Coon
Creek species of which O. corrugata was proposed as new.
In the same discussion Sohl (1964) attempted to outline weak
phylogenetic trends but conceded that trouble arises when poorly

fl
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understood Gulf Coast (and Pacific Coast) forms are considered.

Several

forms figured prominently in this confusion, Avellana subincrassata
d'Orbigny, .Q_. obliqua (Gabb) Stewart (1927, p. 436) and Oligoptycha?
popenoei Allison (1955, p. 43).

Sohl (p. 296) alluded to strong simi-

larities between f::..• subincrassata and Oligoptycha but pointed out that
the parietal folds extend to the aperture, the columellar fold is
weaker, and the columellar fold is virtually horizontal in A. subincrassata as substantial evidence for maintaining generic distinction
between the two.

Popenoe (1957, p. 435) erected Biplica with~-

heteroplicata as the type, a very globose form with one columellar
swelling (hardly a plait), an anteriorly produced canal, and thick
outer lip, and reassigned .Q_. obliqua to his genus.

The placement of

O.? popencei Allison was in doubt at its original description due to
lack of good material and remains tentatively assigned to that genus
(Sohl, 1964, p. 296).
Sohl neglected several species which must figure in any phylogenetic, or paleageagraphic interpretation.

Atlantic coast farms

Cinulia (Oligoptycha) naticaides (Gabb) Whitfield (1892, p. 161) and
Avellana bullata 01orton) (see Richards, 1962, p. 92) are both important species, the latter having a strong resemblance ta 0. cancinna
as stressed by Whitfield (p. 161) but disregarded by later workers
(Richards, 1962; Gardner, 1916; Weller, 1907).
is an Oligoptycha.

It, in fact, probably

A. bullata is also of questionable assignment if

judged by descriptions I have read, but without seeing material, and
because it is beyond the scape of this report, it is left tentatively
in that genus.

-
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The final species to be considered here is Cinulia pusilla
Whiteaves known from seven specimens in the Upper Cretaceous of the
Vancouver Island area (Whiteaves, 1884, p. 217).

Apparently all his

material lacked well defined columellar and parietal characters (due
to lack of preservation?) although the superficial description and
examination of Whiteaves' figures seem to indicate very close relationship to Oligoptycha, more than to any other ringiculid genus, the spire
probably being too low to place it in Cinulia

s.

If future work on evolutionary trends in the Ringiculidae is to
be undertaken, the generic-level taxa must be stabilized.

The most

logical synopsis of this family is probably that of Zilch (1960, p. 2023) with the exception that Oligoptycha as now understood, and as
stressed by Sohl (1964, p. 295), should stand as a genus rather than
remain of subgeneric rank where Zilch left it.
Oligoptycha concinna (Hall and Meek), 1854
Plate 11, Figures 1, 2
Acteon concinnus Hall and Meek, 1854, Am. Acad. Arts and Sci. Mem. v. 5,
p. 390, pl. 3, fig. 4.
Avellana subglobosa (Meek and Hall).

Meek and Hayden, 1856, Acad. Nat.

Sci. Philadelphia Proc., v. 8, p. 64.
Cinulia concinna (Hall and Meek).

Meek and Hayden, 1860, Acad. Nat. Sci.

Philadelphia Proc., v. 12, p. 424.
Cinulia (Oligoptycha) concinna (Hall and Meek).

Meek, 1876, U. S. Geol.

Survey Terr. Rept., v. 9, p. 284, pl. 31, figs. 6a, b, c.
Cinulia (Oligoptycha) concinnus (Ha:l and Meek).

Cossmann, 1895, Essais

de paleoconchologie comparee, v. 1, p. 121, pl. 7, fig. 15.
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Oligoptycha

(Hall and Meek).

Stephenson, 1941, Texas Univ. Bull.

(Hall and Meek).

Sohl, 1964, U. S. Geol. Survey

4101, p. 390.

Prof. Paper 331-B, p. 295.

the Pierre Shale on 'Sage Creek' Sou~h Dakota (Baculites
zone)" (Sohl, 1967a, p. B34) .. Meek (1876, p. 284) mentioned it also
from the Fox Hills Formation on Moreau River, South Dakota.

mellar plait low on the inner lip, and a very slightly denticulated or
nondenticulate inner surface of the outer lip (modified from Sohl,
1967a, p. B34).

ary matrix.

Measurements of the better specimens are given below:
H

MD

UND Cat. No. 13464.

.46 mm

.41 mm

UND Loe. A460

.74

. 64

II

.51

.42

II

.55

.44

II

.50

.42

Oligoptycha
Shale and the Fox Hills Formation in North.Dakota.

It has been previ-

ously reported from North Dakota by Cvancara (1956) and Brinster (1970).
The present study can add little to its morphology, yet a point of
clarification might be made.

Sohl (1964, p. 296) mentioned seeing

specimens from the upper Fox Hills Formation of the Black Rills region

182
O'ligoptycha concinna (Hall and Meek).

Stephenson, 1941, Texas Univ. Bull.

4101, p. 390.
Oligoptycha concinna (Hall and Meek).

Sohl, 1964, U. S. Geol. Survey

Prof. Paper 331-B, p. 295.
~

locality.--"The type specimens are from the upper part of

zone)'' (Sohl, 1967a, p. B34).

Meek (1876, p. 284) mentioned it also

from the Fox Hills Formation on Moreau River, South Dakota.
Diagnosis.--Oligoptycha with a strong anteriorly-inclined columellar plait low on the inner lip, and a very slightly denticulated or
nondenticulate inner surface of the outer lip (modified from Sohl,
1967a, p. B34).
Material.--Twenty-five specimens, mostly broken or in concretionary matrix.

Measurements of the better specimens are given below:
H

MD

UND Cat. No. 13464.

.46 mm

.41 mm

UND Loe. A460

.74

.64

II

.51

.42

II

.55

.44

"

.50

.42

Discussion.--Although published records do not acknowledge it,
Oligoptycha concinna appears to be fairly common in the upper Pierre
Shale and the Fox Hills Formation in North Dakota.

It has been previ-

ously reported from North Dakota by Cvancara (1956) and Brinster (1970).
The present study can add little to its morphology, yet a point of
clarification might be made.

Sohl (1964, p. 296) mentioned seeing

specimens from the upper Fox Hills Formation of the Black Hills region

....,....
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which possess very faint denticles on the outer lip, yet his (1967a, p.
B34) diagnosis fails to take this mild, occasional denticulation into
account.

One or two fragments seen in this study also seem to show a

faint denticulation on the inner surface of the outer lip, an occurrence which has been considered in the doagnosis given above.

Pres-

ervation and development of such denticulation is no doubt influenced
by age of the individual at death and stage of development of the calloused outer lip which is not well developed until late maturity.
Types.--Hypotype UND Cat. No. 13464.
Occurrence.--The species was found in sediments of the Trail City
Member and in concretions from several horizons.

Localities include A460,

•r

A480, and A469.
Geologic range.--Maestrichtian.
Superfamily PHILINACEA
Family SCAPHANDRIDAE
Genus Ellipsoscapha Stephenson, 1941
Type species (by original designation).--Cylichna straitella
Shumard, 1861, Boston Soc. Nat. Hist. Proc., v. 8, p. 194.
Generic diagnosis.--Subelliptical, involute, tightly coiled
shells with a moderately small apical pit. Sculpture of punctuate spiral grooves. Aperture narrow and curving over upper
surface and broadening below to a rounded anterior margin.
Inner lip callused over columellar area and bears a low weak
fold (Sohl, 1967a, p. B35).
Remarks.--Stephenson (1941) had a very definite concept of
Ellipsoscapha in mind ~hen he separated these forms, namely elliptical,
tightly coiled shells with nearly straight columella, having a gentle
fold, and slight depression of the spire.
fers from Scaphander Montfort.

In those characters it dif-

It differs too from Haminea Gray

1 ........

184
because that species is more openly coiled and nearly smooth.

Three

species, Haminea occidentalis, H. subcyclindrica, and H.

from the

Western Interior, erected by Meek and Hayden, were referred by Stephenson (p. 392) to this genus.

Whiteaves (1879, p. 132) has reported

area but his illustration is not satisfactory to determine whether or
not identification is correct.

It is small, but may be an Ellipso-

scapha since the ornament covers the entire whorl surface.

The genus
I

apparently had an extensive paleogeographic range if Gabb's is an
Ellipsoscapha.
Geologic range.--Santonian-Maestrichtian.
Ellipsoscapha cf.

(Meek and Hayden), 1856

Plate 11, Figure 3
Material.--One specimen collected from a concretion.

The spire

is damaged and preservation is as a mold of the interior.
Discussion.--This specimen was collected and described by Cvancara (1956, p. 52) with the same reservation that I feel.

It agrees

well with Meek's (1876, p. 273) description, but the prosopon is not
perfectly preserved, nor are the aperture and spire available for
examination.

Without seeing the columella and spire, I hesitate to

make an absolute determination.
I have compared it with material from Whitehorse Ridge in South
Dakota where .f. subcyclindrica was collected.
and proportionately more robust.

E. minor is much shorter

If this identification is correct this,

along with Cvancara's (1956) account of the same specimen, is its first
report from North Dakota.

''
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Types.--Hypotype UND Cat. No. 926.
Occurrence.--From concretion in Trail City Member at locality
A469.
Geologic range.--Maestrichtian.
Family ACTEOCINIDAE
Genus Cylichna Loven, 1846
Type snecies (by subsequent designation, Herrmannson, 1842, p.
42).--Bulla cylindracea Pennant, 1877.
Generic diagnosis.--Small slender cylindrical shells. Spire
involute, apically truncate, and perforate in early growth stages.
Surface smooth or with fine incised spiral grooves. Aperture
, posteriorly narrow but expanding to a rounded anterior end; columellar lip with a low fold (Sohl, 1964, p. 299).
Remarks.--This is a geographically and stratigraphically wideranging genus in Upper Cretaceous rocks of the midcontinent region.

It

is made up of thin-shelled species which are often poorly preserved and
lack the ornament necessary to make proper specific assignment.

Sohl

(1964) has recognized the tenuous nature of many assignments made to
Cylichna, and I am here following his recommendations by using the broad
concept of the genus.
Considering the rather active energy levels present in many depositional environments of the Fox Hills Formation, it is somewhat surprising that the genus is represented by such a large number of individuals
(approximately 30 specimens).

These are, however, from two principal

outcrops representing rather gentle conditions of shell accumulation.
I have referred most shells to one species with one form questionably
assigned to a second species.

Badly worn shell surfaces do not permit
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assignment of many shells which may be distinct forms, but here are
referred to C. scitula because of close morphologic similarity to that
species.
Geologic range.--Upper Coniacian-Maestrichtian.
Cylichna scitula Meek and Hayden, 1860
Plate 11, Figures 9, 10
Cylichna scitula Meek and Hayden, 1860, Acad. Nat. Sci. Philadelphia
Proc., v. 12, p. 178.
Cylichna scitula Meek and Hayden . . Meek, 1876, U. S. Geol. Survey Terr.
Rept., v. 9, p. 276, pl. 31, figs. 3a, and b.
Type locality.--"Moreau River; No. 5 of the Nebrasca section
[Fox Hills Formation, South Dakota)."

(Meek and Hayden, 1860, p. 178).

•I

Diagnosis.--Shell small, rather solid, narrow-subelliptical,
approaching subcylindrical; summit truncated, and occupied by a
comparatively large umbilicoid depression; aperture very narrow,
arcuate, widening little below; umbilical region slightly
impressed; inner lip reflexed and twisted, so as to-form a small
indistinct fold at its base; surface marked by fine, obscure
lines of growth, which are crossed by impressed transverse
striae, separated by spaces about two or three times their own
breadth near the middle of the outer whorl, but becoming more
closely crowded toward the extremities (Meek, 1876, p. 276).
Material.--I have about fifteen specimens which I would refer to
this species without serious doubt.

some fashion.

All of them are damaged or eroded in

Some of the bett~r shells have the following measurements:
H

MD

UND

Cat. No. 13469.

.55 mm

.32 mm

Uh'D

locality A480

. 60

.35

II

"

II

.70

.40

II

Tl

ll

.43

.28

II

"

It

.63

.36

II

II

II

.50

.30
)'
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Discussion.--There is very little to be said regarding this occurrence.

C. scitula has been known from the Fox Hills Formation of South

Dakota since Meek and Hayden described it.

Stanton (1921, p. 48, pl. 9,

fig. 10) has described a specimen from the Cannonball Formation (Paleocene)
of North Dakota that he refers to the species with question.
his specimen is in matrix and somewhat crushed.

As figured

I do not doubt that this

conunon species might be found in the Paleocene as well, but I am not able
to certify his identification and have excluded it from my synonymy.
Additional collections from the Cannonball Formation may verify his

••
ill
II

identification.

f
f

Types.--Hypotype UND Cat. No. 13469.
Occurrence.--This species is rather conunon at localities A460 and
A480 from fine sandstone and siltstone of the Timber Lake and Trail City
Members respectively.

It also occurs at locality A611 and and A469 (with

question).
Cylichna volvaria? (Meek and Hayden), 1856
Plate 11, Figures 11, 12
Bulla volvaria Meek and Hayden, 1856, Acad. Nat. Sci. Philadelphia Proc.,
v. 8, p. 69.

Cylichna? volvaria (Meek and Hayden).

Meek, 1876, U. S. Geol. Survey

Terr. Rept., v. 9, p. 275, pl. 31, figs. 2a, b.
~

locality.--"Moreau trading post. No. 5 of Section [Fox Hills

Formation, South Dakota]" (Meek and Hayden, 1856, p. 69).
Diagnosis.--Shell thin, elongate-subovate, bei~g widest below
the middle, and tapering upward gradually, with moderately convex
sides, to the summit, which is narrowly rounded, with apparently
a very small central pit; lower extremity oblique and subangular,
or narrowly rounded; aperture very narrow, gently arcuate, and

..
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not much expanded below, where it shows a faint oblique fold or
ridge; surface marked by fine, obscure lines of growth, which
are crossed by shallow, transverse striae, narrower than the
spaces between, excep
on the upper and lower extremities,
where they are more crowded, and more distinctly defined (~eek,
1876, p. 275).
Material.--! have only one specimen that I can refer to this
species.

Its outer lip may be better preserved than the holotype, but

the prosopon is worn away over most of the surface.

It is 8.0 rrun high

and has a maximum diameter of 4.4 mm.
Tynes.--Hypotype Ul\1) .cat. No. 13468.
Occurrence.--From Timber Lake Member at locality A465.
Genus Goniocylichna Wade, 1926
Type species (by original designation).
turata Wade, 1926, U. S. Geol. Survey Prof. Paper 137, p. 106.
Generic diagnosis.--Small to moderately small cylindrical
shells have a low turreted spire. ·Protoconch small, heterostrophic. Whorls squarely truncate posteriorly, rounded anteriorly. Sculpture of short transverse ribs on posterior onefifth and of incised spirals on anterior four-fifths of body.
Aperture anteriorly expanded and rounded, posteriorly terminating in a shallow notch. Inner lip gently truncate below with
columella bearing a distinct fold at top of columellar lip that
begins just behind aperture (Sohl, 1964, p. 302).
Remarks.--As originally described by Wade this genus was not
readily distinguished from Retusa Brown.

In working with the type of

G. bisculpturata Sohl (1964, p. 302) found that a plication was present
high on the columellar lip left uncleaned by Wade.
heavily relied upon as a generic character.

This plait is now

It should be noted that

Cossmann (1895, p. 82) mentions the infrequent occurrence of a faint
columellar plait in some Retusa

Whether he was referring to specimens

not be more than noted in the present study.

111111
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The genera Retusa Brown, Goniocylindrites Xeek, and
are all deemed closely related by Sohl.

e.ocina

Zilch (1959, p. 45-6) considered

Retusa to stand as a large genus with a wide range of basic morphologies
which are recognized as nine subgenera; Goniocylichna is one such subgenus.

This placement seems a bit confining to me since it neglects

some apparently related forms (Trochacteon? and Acteocina) while com.bining forms with distinct morphologic dissimilarities such as
Cylichnina and Pyrunculus.
This is the first report of Goniocylichna from the Weste.rn Interior and thus also from North Dakota and the Fox Hills Formation.

The

occurrence strengthens the basis for similarity between Fox Hills faunas
and those of the Mississippi Embayment from whence come the type, G.
bisculpturata, and G. elongata.

The North Dakota specimens fill a geo-

graphic gap between Tennessee and Vancouver Island where Trochacteon
semicostatus Whiteaves was described.

Wade originally r':ferred that

species to Goniocylichna, and indeed Whiteaves figure would favor the
move, but, as Sohl mentioned (1964, p. 303), there must be further
information on occurrence of columellar plications in
before the new referral might be justified.

semicostatus

Until that time Whiteaves'

form should be considered a closely allied species; the northwest extent

of pale.ogeographic distribut·ion. of Goniocylichna is in North Dakota.
This report does serve to reduce further the endemic character previously attributed to Western Interior molluscan faunas.
Geologic range_.--U. Campanian?-Maestrichtian.
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Goniocylichna bisculpturata Wade, 1926
Plate 11, Figures 4-6
Goniocylichna bisculpturata Wade, 1926, U. S. Geol. Survey Prof. Paper
137, p. 106, pl. 34, figs. 15, 16.
Goniocylichna bisculpturata Wade.

Sohl, 1964, U. S. Geol. Survey Prof,

Paper 331-B, p. 303, pl. 49, figs. 32, 33, 37, 38.
~

locality.--Ripley Formation, Dave Week's farm, Coon Creek,

McNairy County, Tennessee.
Diagnosis.--Shell small (ca. 5 mm in height); protoconch partly
submerged; spire very low; sculpture of transverse ribs covers posterior
three-quarters of a millimeter of body whorl.
Material.--Two specimens; one, UND No. 13476., is preserved well
enough to generally show all characters of the type.

The spiral ornament

is worn in most places and the anterior portion of the aperture is missing but enough of the columella remains to distinguish the plait necessary for proper generic placement.

Both the above mentioned specimen,

and UND No. 13477., are slightly compressed and distorted, the latter
much more so than the former.

Measurements of the specimens are as

follows:
H

UND Cat. No. 13476.
II

ti

II

13477.

MD

.49 mm

.24 mm

.55
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Discussion.--The occurrence of G. bisculpturata, a Ripley species,
in the Fox Hills tempts one to over interpret the implications of these
data.

Since it has not been found on the Gulf Coast--nor on the Atlantic

Coast for that matter--is .the Ri?ley occurrence the southeastern range

I
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limit of a more boreal species having its origins in the north as indicated by Trochacteon semicostatus Whiteaves on Vancouver Island?

It is

one of several species in the Fox Hills fauna with similar distributions
that might be cited to support the idea.

This is the first record of

the species in the Fox Hills Formation and in North Dakota.
Types.--Hypotypes, UND Cat. Nos. 13476., and 13477.
Occurrence.--This species was collected from Timber Lake sediments at locality A460 and Trail City sediments at locality A480.
Geologic range.--U. Campanian--Maestrichtian.
Goniocylichna? sp.
Plate 11, Figures 7, 8
Material.--Two specimens, one merely the last whorl, the other
nearly entire but badly worn, somewhat compressed, and lacking the anterior portion of the lip.

Measurements for the nearly complete specimen

are as follows:
H
UND Cat. No. 13475.

.99 cm

MD

.53 cm

Remarks.--Further preparation of the figured specimen was deemed
unfeasible without total destruction of the specimen, thus no columellar
plait is well exposed.
however.

A faint plait is indicated high on the columella,

The prosopon is badly worn, as is the protoconch.

The feint

plait, the abrupt posterior shouldering of whorls, and indeed the general aspect of the shell have caused me to place it in Goniocylichna.
Both specimens are from an animal considerably larger than G.
bisculpturata, which is said to have a maximum height of .57 cm and
maximum width of .30 cm (Sohl, 1964, p. 303), and; in fact, would more

.,.
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nearly approximate G. elongata (H=l.16 cm, W=.43 cm) if -they were
undamaged.

The condition of the protoconch and eroded prosopon do not

permit this as.signment.

The material may as easily represent remains

of an undescribed Goniocylichna, and more material will be sought to
resolve the question.
Types.--Hypotype, UND Cat. No. 13475., plate 11, figures 7, 8.
Occurrence.--One specimen each at localities A460 and A467,
Timber Lake Member, Fox Hills Formation.
Geologic range.--Maestrichtian.

l

SUMMARY OF CONCLUSIONS
The Fox Hills Formation in North Dakota contains a gastropod
fauna of thirty-seven species in twenty-four genera.

These taxa are

arranged in eighteen families in fourteen superfamilies representing
four orders and two subclasses of gastropoda.

Six species are

described as new to science; three others are felt to be new, but
lack adequately preserved material to verify the fact, and are left
undescribed.

One new genus, Dakotia, is described and two Fox Hills

species, .!2_. wyomingensis and D. insculpta are assigned to it.

Eleven

species in a like number of genera are totally new to the Fox Hills
Formation as known anywhere.

Two species, Goniocylichna bisculpturata

and Euspira rectilabrum, occur in common with gastropod faunas of the
Ripley Formation with which the Fox Hills fauna compares most closely.
Gastropods are numerically less common than bivalves in the
fossiliferous outcrops and are represented taxonomically by fewer
species.

Consideration of niche distribution indicates the fauna is

skewed in favor of the carnivorous Mesogastropoda, Neogastropoda, and
Opisthobranchia.

Vegetarian Archaeogastropoda and Mesogastropoda are

represented by fewer species.

The relatively large bivalve popula-

tions apparently supported at least part of the carnivorous gastropods above the primary consumer level.
Geographic distribution of Fox Hills genera indicat,
elements from two sources.

The major contributions came from Gulf
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Coast and Mississippi Embayment stocks probably representing warm water
faunas living near the northern limits of their ranges.

A less promi-

nent but well established portion of the fauna had close relatives
among Pacific Coastal and boreal Canadian faunas.

These occurr~nc~s,

too, probably represent southern limits of some of the ranges involved.
The area now comprising North Dakota and South Dakota was a region of
overlap between northern and southern faunas, and water temperatures
may have fluctuated near the limits of tolerance for at least some

•

of these species.

•I

Water depths ranged from zero to eighty fathoms but were generally at least sixteen fathoms in depth if modern analogues of glauconite formation and wave activity are valid.

Temperatures of the water

must have been below 15 degrees centigrade, and the Fox Hills sea is
postulated to have undergone periodic thermal stratification created
by slight tidal circulation, poor oceanic current activity, or extended,
calm atmospheric conditions.

Massive storms of hurricane intensity

destroyed these thermoclines, eroded large portions of the near shore
sedimentary complex, and redeposited some of the material on barrier
bars or spits.

In addition to these storm-deposited sandstones, major

deposits of molluscan shell material were formed in this manner.
Four members and five major lithofacies are present in North
Dakota.

The Trail City and Timber Lake Members contain lithologies

formed on the delta front and top respectively.

Timber Lake sand-

stones accumulated as a barrier bar or spit complex of sands contributed from the Hell Creek terrestrial complex by streams and secured
from the delta complex by storm seas.

••
'
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The Iron Lightning Member, containing the Bullhead lithofacies
of banded shales and the Colgate lithofacies of estuarine channel sandstone deposits, was deposited in restricted backwater areas lateral to
the major centers of deltaic deposition.

These sediments were over-

ridden by a littoral sheet, or blanket, sandstone facies derived by
winnowing from the other Fox Hills lithofacies during a minor transgression of unknown cause.

This unit is also recorded as a litho-

facies of the Hell Creek Formation.

It has been described herein as

an unnamed stratigraphic unit deserving the rank of a member.
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PLATE 1
Figure 1.

View northward from center sec. 35, T. 130 N., R. 80 W.,
illustrating topography in southern Sioux County, N. Dak.
The topographic level on the horizon is formed on the
resistant sandstone beds of the Timber Lake Member.

Figure 2, 4. Outcrop of medium and fine, cross-bedded, nonfossiliferous sandstone interpreted to represent deposition on an offshore bar. Locality A471, Emmons County,
N. Dak.

Figure 3.

Photograph of the white sandstone of the Colgate lithofacies deposited unconformably over silt and clay beds
of the Bullhead lithofacies. The Colgate Member here
is interpreted to be a tidal channel deposit. Locality
is N. side of N.D. 24, center of south border, sec. 28,
T. 130 N., R. 80 W., Sioux County, N. D.

r
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PLATE 2
Figures 1, 2, 3. Three views of highly indurated, fossiliferous,
cross-bedded, fine and medium sandstone interpreted to
be littoral deposits of the Timber Lake Member at locality A467, Sioux County, N. Dak.
Figure 4.

Photograph of friable, glauconitic, fine sandstone capped
by fossiliferous, indurated beds shown in figures 1-3.
This unit represents deposition in quiet sublittoral conditions. Note numerous burrows (Ophiomorpha) of the
ghost shrimp Callianassa. Locality A467, Sioux County,
N. Dak.
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PLATE 3
Figures 1-6.
1.

2.
3.

4.
5.
6.

Margaritinae. Genus and species uncertain.
Ventral view of decorticated specimen. UND 13460., X2.
Locality A740.
Apical view of the same specimen, X2
View of umbilicus of decorticated specimen. UND 13461.,
X2. Locality A470.
Apical view of specimen UND 13461., X2. Locality A470.
Ventral view of specimen shown in figure 1, Xl.
Basal view of specimen shown in figure 3, Xl.

Figures 7-9. Neritina loganensis n. sp.
7. Ventral view of broken, decorticated paratype.
UND 13465., X2. Lo~ality A480,
8. Stereo pair of dorsal view of holotype from USGS locality
16002 (=UND lac. A454), Kidder County, N. Dak., X2.
9. Stereo pair of ventral view illustrating characteristic
dentition on inner lip of the holotype, X2.

Cl
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Figures 10-13. Drepanochilus evansi Cossmann.
10. Stereo pair of dorsal view of a gerontic specimen, UND
13456., Xl. Locality A469.
11. Stereo pair of ventral view of gerontic specimen illustrating thickening of outer lip in old age, UND 13456.,
Xl. Locality A469.
12. Dorsal view of well preserved specimen from a concretion.
UND 893., Xl. Locality A469.
13. Last two whorls illustrating prosopon and outer lip of a
mature specimen. UND 13455., Xl. Locality A460 .
Figure 14.
14.

Drepanochilus nebrascensis? (Evans and Shumard).
Dorsal view of a mature(?) specimen. UND 13454., Xl.
Locality A460.

Figure 15.
15.

Turritella sp.
Dorsal view of an undetermined Turritella from Whitehorse
Ridge~ South Dakota, included to illustrate a probable
important mesogastropod group as yet not found from North
Dakota. UND 13451., Xl.

Figures 16-19. Dakotia insculpta (Meek).
16. Ventral view of the holotype(?), USNM 12490b, Xl. Locality not labeled (=Rock Spring, Wyoming?)
17. Decorticated specimen illustrating the condition in which
these shells are often found. mm 9319., Xl. Locality
A454.
18. Stereo pair of dorsal view of a small specimen illustrating
ornamentation of the shell. Paratype(?) USNM 12490a, Xl.
Locality not labeled (=Rock Spring, Wyoming?).
19. Ventral view of the specimen illustrated in figure 18.
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Figures 20-23. Dakocia wyomingensis (Meek).
20. Stereo pair of ventral view of specimen illustrating
corrosion of the shell prior to death of the animal.
Later transport and wave action(?) destroyed characteristic spines on last three whorls. USGS locality
16002 (=UND loc. A454), Kidder County, North Dakota;
Xl.

21.
22.

23.

Partially decorticated specimen. UND 13449., Xl.
Locality A454.
Ventral view of holotype(?) USNM 12491, Xl. Labeled
from South Platte, Colorado by C.A. White, thus this
may be White's specimen which he originally designated
Melania larunda (=Dakotia wyomingensis).
Stereo pair of dorsal view of specimen in figure 22
illustrating well developed, flattened tubercle or
spine ornamentation. Xl.

I
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PLATE 4
Figures 1, 2, 6, 7. Vanikoropsis nebrascensis (Meek and Hayden).
1. Stereo pair of dorsal view of hypotype (Sohl, 1967, pl. 5,
figs. 14, 17) from the Fox Hills Fm. at USGS locality 35925
in South Dakota. USNM 132665, Xl.
2. Stereo pair of specimen shown in figure 1, illustrating
ventral characteristics. Note broken anterior edge of
lip; Xl.
6. Dorsal view of UJ::..J1) 13432., Xl. Locality A677 ..
7. Ventral view of speci~en illustrated in figure 6; Xl.
Figures 3-5. Spironema tenuilineata (Meek and Hayden).
3. Stereo pair of dorsal view of the holotype illustrating
flattened posterior slope of whorls. USNM 270, Xl.
Moreau River in South Dakota.
4. Ventral view of the holotype illustrating thin shell of the
genus and species; Xl.
5. Dorsal view of a broken specimen. UND 902., Xl. Locality
A469.
Figures 8-10. Euspira? dakotensis (Henderson).
8. Dorsal view of specimen in concretion. UND 890., Xl.
Locality A469.
9. Stereo pair of dorsal view of the holotype of Lunatia
occidentalis (Meek and Hayden( (=Natica? dakotensis
Henderson), USNM 290., Xl.
10. Stereo pair of ventral view of the holotype illustrated in
figure 9. Inner lip and umbilical characteristics may not
be complete on this specimen.
Figures 11, 12. Euspira subcrassa (Meek and Hayden).
11. Stereo pair of dorsal view of well preserved specimen. UND
13442., Xl. Locality A480.
12. Stereo pair of ventral view of specimen illustrated in figure 11. Note low spire and thick lip; Xl.
Figures 13, 14. Euspira obliquata (Meek and Hayden).
13. Stereo pair of dorsal view of slightly decorticated specimen.
UND 13481, X2. This is a small specimen interpreted to
represent the broader, lower-spired, female shell of this
sexually dimorphic species. Locality A460.
14. Stereo pair of ventral view of the. specimen illustrated in
figure 13; X2.
Figures 15, 16. Euspira rectilabrum (Conrad).
15. Stereo pair of dorsal view of an unusually large specimen
illustrating gerontic(?) or second year(?) growth of last
whorl. UND 13443., Xl. Locality A465.
16. Stereo pair of ventral view of shell illustrated in figure
15. This is a worn shell; a portion of the callus on the
inner lip has been eroded away; Xl.
~;,
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PLATE 5
Figures 1, 2. ?Cryptorhytis flexicostata (Meek and Hayden).
1. View of a worn and partially decorticated specimen illustrating axial ornament and ribbons. UND 13457., Xl.
Locality A.480.
2. Another view of UND 13457. illustrating the weak plait low
on the columella; Xl.
Figure 3.
3.

Amuletum (Amuletum) minor (Evans and Shumard).
Specimen from concretion; preservation of ornamentation on
last three whorls is good and characteristic. Aperture
plugged with matrix and not shown. UND 944., X3. Locality A469.

Figures 4, 5. Remera? cvancara1 n. sp.
4. Stereo pair of dorsal view of the holotype. Apex of spire
and tip of anterior canal are missing. UND 941., X2.
Locality A469.
5. Stereo pair of ventral view of the holotype;·X2.

'.
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Figures 6, 7. Amuletum (Lutema) sp.
6. Dorsal view il],.ustrating weak, almost absent, axial .ornamentation. UND .13463., X3. Locality A480.
7. Ventral view of specimen illustrated in figure 6; X3.
Figures 8-10. Semitriton buccinoides (Meek and Hayden).
8. Stereo pair of dorsal view of immature, partially decorticated specimen illustrating strong spiral ornamentation
and slightly twisted canal. UND 13459., X2. Locality A465.
9. Stereo pair of ventral view illustrating two strong plaits
high on the columella and weak denticles inset along the
wall of the outer lip. UND 13459., X2. Locality A465.
10. Dorsal view of mature(?) specimen with ornamentation well
preserved. UND 933., Xl.
Figures 11-13. Rhombopsis subtur,ritus (Meek and Hayden).
11. Stereo pair of dorsal view of immature specimen illustrat~
ing.shape of the posterior slope and character of ornamentation. UND 13444., Xl. Locaiity A480.
12. Stereo pair of ventral view of UND 13444., illustrating
shape of the aperture and anterior canal; Xl.
13. Dorsal view of UND 13440., Xl. Locality A480.
Figures 14, 15. Hercorhyncus (Hercorhyncus) hollandi n. sp.
14. Stereo pair of dorsal view of the holotype illustrating
nodes and fine spiral ornament. UND 13450., Xl. Locality:
Timber Lake Member, Emmons County, N. Dak.
15. Stereo pair of ventral view of the holotype illustrating
aperture (incomplete), twisted anterior canal, posterior
canal (incomplete) and smooth columella.
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Figure 16.

16.

Perissitys? n. sp.
View of a fragment of the last whorl.
Locality A726.

UND 13453., Xl.

Figures 17, 18. Perissitys? sp.
17. View of mold of the interior showing indication of axial
ornamentation. UND 13436., Xl. Locality A615.
18. Another view of UND 13436. Surface of the last whorl
(mold) has been eroded; Xl.
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PLATE

Figures 1-3.
1.

2.
3.
Figures 4- 7.

4.
5.
6.

7.

6

Graphidula? cretacea (Meek and Hayden).
Stereo pair of ventral view illustrating four plaits high
on the columella and recessed within the aperture. Posterior-most plait is very faint. UJ\."D 13467., X3. Locality
A460.
Dorsal view of UND 13467., X3.
Dorsal view of a predator-bored specimen. UND 13466.,
X3. Locality A460.
Piestochilus galpiniana? (Meek and Hayden).
Stereo pair of dorsal view of the holotype. USNM 287, Xl.
Stereo pair of ventral view of the holotype illustrating
shape of aperture, smooth columella, and twist of anterior canal. USNM 287, Xl.
Decorticated specimen extracted from concretion. UND
13439., Xl. Locality A689.
View of specimen UND 13439., in natrix; Xl.

Figures 8-14. Piestochilus feldmanni n. sp.
8. Stereo pair of a paratype with shell removed to expose
columella and illustrate single, low, broad plait. UND
13447., Xl. Locality A480.
9. Dorsal view of a paratype, partially decorticated and
lacking anterior canal. UND 13446., Xl. Locality A480.
10. Ventral view of paratype illustrated in figure 9; Xl.
11. Stereo pair of ventral view of the holotype illustrating
growth lines, shape of aperture, and inner lip with plait
not visible. UND 13445., Xl. Locality A480.
12. Stereo pair of dorsal view of the holotype illustrating
straight-sided whorls. Note outer lip was rep~ired several times by the animal during life; Xl.
13. Stereo pair of specimen from USGS locality 5961 in South
Dakota, illustrating amount of variation in spire angle.
Note single plait; Xl.
14. Another view of specimen illustrated in figure 13; Xl.
Figures 15-17. Piestochilus scarboroughi (Meek and Hayden).
15. View of a well preserved spire illustrating ornament of
early whorls. UND 13458., Xl. Locality A480.
16. Stereo pair of dorsal view of specimen with upper whorls
worn and lacking convexity. Note subsutural shoulder on
the outer lip, and shape of growth lines. UND 13437.,
Xl. Locality A465.
17. Stereo pair of ventral view of specimen in Figure 16; Xl.
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Figures 18-20. Graphi<luL:1 culbertsoni (Meek and Hayden) ..
18. Stereo pair of two whorls of a typical specimen from the
Fox Hills Formation. Note inflated whorls and ornamentation; compare with figure 20, a specimen from the
Pierre Shale. UNO 919., Xl. Locality A469.
19. View of an internal molJ o[ the Bpirc. UND 921. Xl.
1
Locality A469.

20.

Stereo pa.ir of ventral view of flat-sided form from the
Pierre Shale at Glendive, Montana.

UND 13483., Xl.

•
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.

212

rI

PLATE 7
Figures 1, 3, 5. Pyropsis bairdi (Meek and Hayden).
1. Stereo pair of dorsal view of immature specimen illustrating three carinae, convex posterior ramp, and lack
of uniform strong spiral ornamentation on body whorl.
UND 13433., Xl. Locality A465.
3. Stereo pair of ventral view of specimen UND 13433, illus,
trating free inner lip and thin shell of the species at
this growth stage; Xl.
5. Stereo pair of a view of the apex of specimen UND 13433.,
Xl.
Figures 2, 4, 6. Pyropsis bairdi rotula Meek.
2. Stereo pair of dorsal view of immature specimen included
for comparison with figures 1, 3, and 5. Note only two
carinae, noded character of the uppermost carina, and
regular coarse spiral prosopon on the last whorl. Specimen from USGS locality 5882; Xl. (This specimen probably
shows enough variation to warrant assignment as a distinct
species.)
4. Stereo pair of ventral view of specimen in tigure 2, illustrating two carinae and thick shell; Xl.
6. Stereo pair of a view of the apex of specimen in figure 2,
illustrating ornamentation. Upper whorls are decorticated; Xl.

~,
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PLATE 8

Figures 1, 2. Pyropsis bairdi (Meek and Hayden).
1. Dorsal view of the holocype USNM 252, Xl.
2. Ventral view of the holotype illustrating apressed inner
lip and character of the canal; X.98.
Figure 3.
3.

Pyropsis bairdi (Meek and Hayden).
Ventral view of poorly preserved specimen.
Xl. Locality A466.

UND 13434.,

Figures 4, 5. Pyropsis bairdi rotula Meek.
4. Dorsal view of the holotype illustrating character of the
ornamentation on a mature individual. Compare with figure 1. USNM 252 (Note this specimen in catalogued at the
National Museum under the same number as the specimen in
figure l; Xl.
5. Ventral view of the holotype illustrating free inner lip;
Xl.

•
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PLATE 9

Figures 1, 2. Serrifusus dakotaensis (Meek and Hayden}.
1. Dorsal view of the holotype, USNM 256, Xl. Locality
"Long Lake, 11 N. Dak.
2. Ventral view of the holotype; XL
Figures 3-5. Pyropsis bairdi (Meek and Hayden).
3. Apical view of gerontic individual illustrating the
thickened, reflexed.portion of the outer lip not seen
on the holotype. UND 13431., Xl. Locality A466.
4. Dorsal view of specimen U:t-,,1]) 13431., illustrating the
reflexed outer lip and ornamentation; Xl.
5. Ventral view·of specimen UND 13431.; Xl.

l
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PLATE 10
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Figures 1-5. Cancellaria siouxensis n. sp.
1. Stereo pair of dorBal view of a paratype illustrating
ornamentation characteristic of the species. UND 13471.,
X3. Locality A460.
2. Stereo pair of ventral view illustrating position of the
three columellar plaits and denticulate inner margin of
the outer lip. UND 13470., the holotype, X3. Locality
A460.
3. Stereo pair of dorsal view of partially decorticated
paratype. UND 13473., X3. Locality A460.
4. Stereo pair of a specimen with shell partially removed
to expose the plaited columella. UND 13474., X3. Locality A460.
5. Stereo pair of dorsal view of a paratype illustrating the
character of the anterior canal on a mature, well preserved
specimen. UND 13472., X3. Locality A460.
Figures 6, 7. Syncera? sp.
6. Dorsal view; apex of spire is broken and sand grains protrude from the top. UND 13480., Xl5. Locality A454.
7. Stereo pair of ventral view of specimen UND 13480., illustrating form of callus on inner lip and lack of columellar
plaits; Xl5.
Figures 8, 9. Euspira rectilabrum (Conrad).
8. Dorsal view of a medium-sized specimen in good condition.
UND 13479., Xl~. Locality A460.
9. Ventral view of specimen illustrated in figure 8; Xl~.
Figures 10, 11. ~uspira obliquata (Hall and Meek).
10. Dorsal view of specimen interpreted to have been a male.
Note higher spire of this form when compared with that
illustrated on plate 4, figures 13 and 14. UND 13482.,
Xl~. Locality A726.
11. Ventral view of specimen illustrated in figure 10; Xl~.
Figures 12, 13. Higher taxa, genus and species uncertain.
12. Stereo pair of dorsal view of this decorticated specimen.
Shell was originally rather thick and sutures were thickly
covered. UND 13438., Xl. Locality A465.
13. Stereo pair of ventral view of specimen UND 13438., illustrating strong columella and thick callus; Xl.
Figures 14-16. Piestochilus ~carboroughi (Meek and Hayden).
14. Stereo pair of a badly worn specimen, but the only one collected that illustrates the shape of the aperture. UND
13437., Xl. Locality A465.
15. Dorsal view of large specimen illustrating slight subsutural
shoulder on last whorl. UND 13452., Xl. Locality A467.
16. Ventral view of specimen illustrated in figure 15; Xl.
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PLATE 11
Figures 1, 2. Oligoptycha concinna (Hall and Meek).
1. Stereo pair of dorsal view of well preserved, probably
immature specimen. UND 13464., X3. Locality A460.
2. Stereo pair of ventral view of specimen UND 13464.,
illustrating strong outer lip and tooth directly
slightly anteriorly; X3.
Figure 3.
3.

Ellipsoscapha cf. E. minor (Meek and Hayden).
Mold of the interior of the only specimen of this genus
recovered from the Fox Hills Formation in North Dakota.
UND 926., X2. Locality 469.

Figures 4-6. Goniocylichna bisculpturata Wade.
4. Dorsal view of decorticated specimen. UND 13477., X3.
Locality A460.
5. Dorsal view of a specimen illustrating ornament on the
posterior shoulder of the whorl. UND 13476., X3. Locality A480.
6. Ventral view of specimen UND 13476., illustrating form
of the aperture and posterior shoulder; X3.
Figures 7, 8. Goniocylichna? sp.
7. Dorsal view of a large, decorticated, slightly crushed
specimen. UND 13475., X3. Locality A460.
8. Ventral view of specimen illustrated in figure 7. The
large size and poorly preserved shell of this specimen
prevent assignment to known species; X3.
Figures 9, 10. Cylichna scitula (Meek and Hayden).
9. Dorsal view of UND 13469., X3. Locality A480.
10. Ventral view of specimen illustrated in figure 9; X3.
Figures 11, 12. Cylichna volvaria? (Meek and Hayden).
11. Stereo pair of poorly preserved specimen. UND 13468 ••
X3. Locality A465.
12. Stereo pair of ventral view of specimen illustrated in
figure 11. The callus has been largely eroded away from
the inner lip of this specimen; X3.
Figure 13.
13.

14~

Undetermined ichnofossil.
This is a view down on the top of a conoidal sandstone
structure composed of numerous cemented tubes radiating
outward from a central opening. It is not known what
animal formed these structures. UND 13483., Xl.' Locality A476.
View down onto another structure of the same type as
described in figure 13. UND 13484., Xl. Locality A476.

APPENDIX A

LIST OF LOCALITIES
List of collecting loc~lities that have been referred to in the
text. Numbers refer to University of North Dakota, Geology Department,
Accession catalogue numbers. Each locality has produced fossil gastropods or illustrates important sedimentologic and stratigraphic relationships. For additional listings see Feldmann (1967, p. 312-320).
A452: Prominent buttes (Shell Buttes), NW~sec. 26, T. 133 N., R. 73 W.,
Logan Co., N. Dak. These outcrops are the resistant remains of a buried
reef of Crassostrea glabra? the remai:i.s of which are generally poorly
pre.served but present in living posicion throughout the upper portioni:.:
of the buttes.
A454: Hillslope above site of abandoned Magnolia Dakota 11 A1r well, N~
sec. 36, T. 141 N., R. 73 W., Sibley Buttes, Kidder Co., N. Dak. (=
USGS loc. 16002). This unit is the greenish "salt and pepper" type of
sandstone containing the oyster complex fauna and represents an unnamed
member of the Fox Hills Formation.
A455: Scattered fossils in sandstone SW side of paved road center sec.
35, T. 130 N., R. 80 W., ca. 3.5 miles SSW of Ft. Yates, Sioux Co., N.
Dak. Outcrop is road cuts. of bridge over Four Mile Creek.
A457: High cut face N. side of ND 24 where it turns N. toward Ft.
Yates, center sec. 27, T. 130 N., R. 80 W., ca. 2~ miles SW of Ft.
Yates, Sioux Co., N. Dak. This section is primarily Timber Lake Mem.
with scattered fossils, some in concretions (Cucullaea), others bedded
or single. Concretions with Cucullaea occur near top of the cut but
were not seen in place.
A458: Rip-rap under bridge on ND 24 ca.~ mile E. jct. with ND 6,
center N. edge sec. 3, T. 129 N., R. 81 W., Sioux Co., N. Dak.
A459: Rd. cut W. side. ND 24 on hill ca. ~ mile N bridge, NE~~~sec.
15, T. 131 N., R. 80 W., ca~ 6 mi. N. of Ft. Yates, Sioux Co., N. Dak.
This is an outcrop of friable, greenish, medium to fine sandstone with
OJ:hiomorEha common, other fossils extremely rare. A few shark teeth
present.
A460: Ca. 3 ft below top of section described in A461 is 6 inch zone
of accumulation of mollusks (small) E. side of gravelled road near
center sec. 21, T. 129 N., R. 79 W., ca. 8 miles SSW of Ft. Yates,
Sioux Co., N. Dak.
A461: Cucullaea concretion zone near top of high road cut (15 ft below
top of section) E. side of road near center sec. 21, T. 129 N.> R. 79
W., overlooking beautiful Lake Oahe, ca. 8 miles SSW of Ft. Yates,
Sioux Co., N. Dak.

A462: Cucullaea concretions occurring in outcrop below prooinent break
in slope along S. face of valley wall SW~sec. 33, T. 130 N., R. 80 W.,
along .Four Mile Ck. valley, Sioux Co., N. Dak. Zone of locally numerous
Cuculaea and Oxytoma?-bearing concretions in indurated, ferruginous,
medium grained sandstone of the Timber Lake Mem. Much of the section
below this level is grassed and concealed. Fossils common, iocalized.
A463: Eroded pasture surface in SE\sec. 32, T. 130 N., R. 80 W., W.
of gravelled farm road leading down to Four Mile Ck., Sioux Co., N.
Dak.
A464: UNIT 6 of section in cut bank exposure on Four Mile Ck., N'w!z}~!\
sec. 6, T. 129 N., R. 80 W., ca. 7 miles SW of Ft. Yates, Sioux Co.,
N. Dak.
A465: UNIT 7 of section in cut bank exposure on Four Mile Ck., J:'l"W\NW~
sec. 6, T. 129 N., R. 80 W., ca. 7 miles SW of Ft. Yates, Sioux County,
N. Dak.
A466: UNIT 8 of section in cut bank exposure on Four Mile Ck., NW~w~
sec. 6, T. 129 N., R. 80 W., ca. 7 miles SW of Ft. Yates, Sioux County,
N. Dak.
A467: Cut bank on Four-Mile Creek, NW~NW~sec. 6, T. 129 N., R. 80 W.,
ca. 7 miles SW of Ft. Yates, Sioux Co., N. Dak. This outcro? consists
of well defined units of Timber Lake (Ophiomorpha - Tancredia biofacies) lithologies many of which are fossiliferous. Some show good
cross-bedding.
A468: Road cut at SE corner of Beaver Lake, E. of Burnstad, Logan Co.,
N. Dak. Cut in very fine sandstone and silty sandstone with a zone of
barren concretions exposed by recent bulldozer work. The Trail City
lithology contains small gastropods and nuculanids.
A469: High cutbank exposure of Pierre-Fox Hills gradational contact on
S. side of Beaver Creek in Seeman Park (Linton Municipal Park), SW~SW~
sec. 17, T. 132 N., R. 76 W., ca. 0.75 mi. SE of Linton, Emmons Co.,
N. Dak.
A470: Road cut E. side N-S gravelled road at jct. with E-W gravelled
road, SW!.;;sec. 6, T. 129 N., R. 78 W., Emmons Co.,, N. Dak. Oyster beds
cropout at road level in fine sand which grades upward into brownweathering, grayish sandy silt. Oyster bed ca. 6-8inch layer.
Corbicula also present. Best oysters (all single valves) occur under
the bed.
A471: Road cut E. side N-S gravelled road, NE~SW~sec. 31, T. 130 N.,
R. 78 W., Emmons Co., N. Dak. C~oss-badded glauconitic sandstone with
thin-bedded sandstone units between the cross-bed sets. Outcrop
exposes ca. 20ft of sandstone with no fossils.

A472: Road cut on E. side of N-S gravelled road and cut banks of associated stream drainage (E-W) NW~NW!.i;sec. 33, T. 130 N., R. 78 W., Emnons
Co., N. Dak. Zone of Cucullea concretions cropping out on corner of
field covered by ca. ~Oft of gray, tan weathering, silty, very fine
sand.
A473: Butte-capping sandstone at center sec. 10, T. 129 N., R. 78 W.,
Emmons Co., N. Dak.
A474: Outcrop in drainage, running NW-SE across E-W gravelled road
ca.~ mile E. of farmhouse, SE~sec. 11, T. 129 N., R. 78 W., Emmons
Co., N. Dak. A thin green, Ophiomorpha - bearing ss bed overlies ss
and silstone bed with ripplemarled surface. Fossiliferous till overlies the outcrop.
A475: Rd. cut E. side of gravelled road just N. of farm entrance,
NW~SW~sec. 1, T. 133 N., R. 78 W., Emmons Co., N. Dak. Outcrop of
generally glauconitic, cross-bedded medium and fine-gr~ined sandstone,
with numerous Ophiomorpha tow~rd the top.
A476: Outcrop in road cut (primarily) at top of hill on W. side of
drainage on N. and S. sides of E-W gravelled road at center sec. 1,
T. 134 N., R. 79 W., Emmons Co., N. Dak. Outcrop of med. to fine,
glauconitic ss, with many Ophiomorpha burrows and numerous burrows
of the associated unknown trace fossil having a "volcano-shaped"
structure composed of many small tubes radiating from a point at
top. These structures seem to occur at two horizons in the rdct.
A477: Cross-bedded sandstone outcrops, N. side of small drainage,
ca. 1/3 mile W. of gravelled road of E. edge sec. 35, T. 134 N., R.
79 W., Emmons Co., N. Dak. Exposure of ca. 20 ft of cross-bedded
fine sandstone, some glauconitic, capped in some areas by lensoid
bodies ( 11 concretionary 11 ) very hard, brown-weathering sandstone
which may have siltstone beds ca~ in thick at center.
A478: Road cut E. side of road, NW~SW~sec. 15, T. 132 N., R. 75 W.,
Emmons Co., N. Dak.
A479: Road cut on farm rd. at jct. with E-W gravelled road, SE corner
sec. 29, T. 131 N., R. 77 W., Emmons Co., N. Dak. Outcrop of ca. 15
ft. of fine sandstone and silt with orange silstone pods and concracionary sandstone layer of lensoid.
A480: Road cut on W. edge of glacial drainage, S. side of gravel road,
center sec. 26, T. 134 N., R. 71 W., east of Burnstad, Logan Co., N.
Dak. Trail City lithology; fossils taken from a thin (few inches
thick) bed, a zone of accumulation several feet below a zone of barren sandstone concretions.
A601:

NE\sec. 12, T. 132 N., R. 79 W., Emmons Co., N. Dak.

A611:

SE!i;sec. 32, T. 133 N., R. 75 W., Emmons Co., N. Dak.

A617:

Sw\sec. 27, T, 133 N.' R. 76 w.' Emmons Co., N. Dak.

A618:

NE\sec. 21, T. 133 N.' R. 76 w.' Emmons Co., N. Dak.

A625:

SW\sec. 26, T. 133 N.' R. 77

w.• Ernmons Co., N. Dak.

A626:

NE\sec. 35, T. 133 N.' R. 77

w.' Emmons Co., N. Dak.

A627:

NW\SW!i;sec. 27, T. 133 N., R. 77

A643:

SW\sec. 36, T. 134 N., R. 77 w.' Emmons Co., N. Dak.

w.,

Emmons Co., N. Dak.

Charlie Whippli 1 s ranch, NW!t;sec. 20, T. 130 N., R. 80 w.'
Sioux Co., N. Dak..

A677:

A684: E. rdcut. exposure, SE side Buffalo Lake, N~NW~sec. 12, T.
152 N., R. 72 W., ca. 10\ air mi. NNE Selz, s. Pierce Co., N. Dak.
A689:

SE!i;sec. 7, T. 129 N., R. 78 W.,. Emmons Co., N. Dak.

A701: SW~NW~sec. 3, T. 130 N., R. 78 W., road cut on east and
west sides of road, Emmons C_o., N. Dak.
A706:

NW1-~sec. 33, T. 130 N., R. 78 W., Emmons Co., N. Dak.

A719:

NW\sec. 27, T. 130 N., R. 80 W., Sioux Co., N. Dak.

A720:

S~sec. 32, T. 130 N., R. 80 W., Sioux Co., N. Dak.

A726: SW~SE\ sec. 33, T. 131 N., R. 78 W., road cut on north side
of road, Emmons Co., N. Dak.
A740:

SW1~sec. 24, T. 131 N., R. 80 W., road cut on west side of

N. Dak. 24, Sioux Co., N. Dak.
A747:

SE!t;sec. 14, T. 132 N., R. 76 W., Emmons Co., N. Dak.
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HIGHWAY 24 SECTION
South facing roadcut along ND 24, SE!-i;sec. 36,
T. 129 N., R. 81 W., ca. 7 miles SW of
Ft. Yates, Sioux Co., N. Dak.
Fox Hills Formation
Iron Lightning Member
Unit
2

1

Cream (10 YR 8/2) to white (10 YR 8/1) finegrained, poorly indurated sandstone with
fluted weathering surface of Colgate lithofacies. Lower contact an erosional channel
cut into unit below.
Variegated brown (ca. 10 YR 5/2) silty and
clayey, poorly indurated unfossiliferous
shale of the Bullhead lithofacies. Lower
contact covered.
Total thickness

Thickness
(feet and
inches)

3'+

16'2"+
19 1 2 11+
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SECTION AT LOCALITY A467
South-facing stream cutbank, ~NW~sec. 6, T. 129 N.,
R. 80 W., ca. 7 miles SW of Ft. Yates,
Sioux Co., N. Dak.
Soil slump
Fox Hills Formation
Timber Lake Member
Unit
14

13

12

11

10

9

8

7

Thickness
(feet and
inches)

Orange-brown (7,5 YR 6/8), highly weathered, indurated,
ferruginous, fine and medium-grained unfossiliferous
sandstone: no internal bedding planes. Upper contact
obscured; lower contact abrupt.

0'3"

Light green, medium to fine-grained, fairly well
sorted sandstone. Lower portion of outcrop partially
indurated and having tabular cross-beds. Upper one
third of unit of friable, flatbedded sandstone with
bed~ inch thick and containing ferruginous, indurated Ophiomorpha. Lower contact abrupt.

3'10"

Brown (7.5 YR 4/4) silty clay with occasional fine
sand and grading upward into orange-weathering, brown
(7.5 YR 5/4) fine sand and silt. No bedding or fossils present. Lower contact abrupt.

5 '4"

Brown (7.5 YR 5/4), orange-weathering, indurated siltstone with thin beds having ripple marks; grading
upward into poorly indurated clayey, sandy siltstone
containing clay galls. Lower contact abrupt.

0'10"

Green to greenish-tan, well sorted, fine sand showing no bedding. Contains occasional iron-stained
Ophiomorpha burrow. Lower contact abrupt.

3' 9 11

Tan to orange-weathering, well indurated fine sandstone containing tabular crossbeds. Unit in fossiliferous having both mollusk shells and Ophiomorpha.
Lower contact abrupt.

9'11"

Green, weathering orange, somewhat friable fine and
medium-grained sandstone with some Ophiomorpha.
Lower contact abrupt.

0'8"

Green, weathering greenish-tan, well indurated
medium and fine-grained well sorted sandstone occasional
fossil bivalves, tabular crossbeds and some Ophiomorpha.
Lower contact abrupt.

1'11"

230

6

5

Dark orange and brown (7.5 YR 4/4), very well
indurated, massive, medium-grained, well sorted
sandstone. Bivalves very numerous, being
unoriented through most of the bed but oriented
concave down at the top. No Ophiomorpha. Lower
contact abrupt.

1' 4"

Green, poorly indurated, very friable well sorted,
fine-grained sandstone containing lenses (1" or
less thick) of well indurated, iron stained sandstone with numerous mollusk shells. Some tabular
crossbeds present. Ophiomorpha also present.
Lower contact abrupt.

1'7"

4 Brown, orange weathering, poorly bedded, indurated

3

2

1

medium-grained sandstone containing some bivalves
in lower portion, becoming more fossiliferous
laterally. Lower contac~ abrupt on an undulated
bedding plane.

0'6"

Green, massive, nonindurated, fine to very finegrained sandstone, with nonindurated Ophiomorpha
present throughout. Some bedding noticeable but
poorly defined. No molluscan fossils. Lower
contact abrupt.

2'5"

Two, 4-inch thick, dark brown (7.5 YR 3/2), orange
weathering, clay shale and silstone beds with a 2
to 3-inch thick green, friable, fine-grained sandstone unit interbedded between them. All contacts
abrupt.

0'11°

Green, fine-grained, poorly indurated, well sorted
sandstone. Scarce Tancredia mark bedding planes
which have an angularly unconformable relationship
with the unit above. Base of exposure contains
indurated, iron-stained Ophiomorpha. Lower contact
covered, not seen.

l'S"+

Total thickness

25'8"
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IMPROVED ROAD SECTION
Composite section of roadcut exposures beginning
2.6 miles beyond bridge on blacktop road S. of
its jct. with ND 24, ca. 1.3 miles S. of
Ft. Yates, Sioux County, N. Dak.
Fox Hills Formation
Unit
18 Soil and slump

Thickness
(feet and
inches)
0 1 611

Iron Lightning Member(?)
17

Bentonitic shale

2'0"

16

White (2.5 YR 8/2), medium to fine-grained,
indurated sandstone in 4-inch thick beds interbedded with some interbedded silty sandstone
beds. Blebs of jarosite(?) up to 5 inches in
diameter occur occasionally. Siltier units contain pear-sized ferruginous sandstone concretions.
Upper part of unit co~tains silicified wood. Base
of unit is 1/2-inch thick siltstone weathering
dark orange. Lower contact abrupt.

3 '2"

Light green, fine to very fine-grained, unfossiliferous, highly cross-bedded sandstone.

3'7"

15
14

Covered

13

Dark gray (2.5 YRI.~ 4/0), unfossiliferous, bentonitic
shale with "popcorn" weathering texture.

12

11

10
9

15'0"

2'6"

Green, occasionally weathering orange, fine and
medium-grained cross-bedded and flat bedded sandstone. Crossbeds occur more commonly toward top
of unit along with blebs of jarosite and few ferruginous concretions. Most of unit unindurated
excepting two thin sandstone beds 2 feet 7 inches
and four feet three inches respectively above base
of unit. Lower contact appears unconformable with
unit below.

14'311

Bentonite with a 6-inch 'sandstone lens near center
of unit.

2 1 6 11

Bentonitic shale and fine-grained sandstone.

3'0n

Alternating green and orange, fine-grained unfossiliferous sandstone and dark gray shale. Unit is
faulted, Float of silicified wood occurs and base
of section is slightly lignitic.

18'1"

-
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8

Covered

7

Brown (10 YR 5/4), tan-weathering, very fine-grained,
unfossiliferous, sandstone and siltstone; poorly
indurated and lacking bedding. Lower contact gradational.

4'5"

Grayish brown (10 YR 5/2), poorly indurated unfossiliferous silty clay shale. Lower contact abrupt.

4 I 3 11

6

20'0"

Timber Lake Member
5 Greenish tan fine-grained, unfossiliferous sandstone
with 1-foot thick layer of concretionary siltstone
near top. Unit thickens northward. Lower contact
gradational.

1'11"

4

Brown (10 YR 5/4) very fine-grained, poorly indurated
sandstone and siltstone.

3

Greenish, tan-weathering, very fine grained, poorly
indurated sandstone. Zone of barren, sandstone concretions occurs at the top. Scattered pods of fossils
(weathered concretions?) occur along a horizon 3 feet
below top. Fossils Cucullea, and Ostrea translucida;
4 feet 4 inches above base of unit is an uneven zone
of scattered small, broken mollusks in an indurated
sandstone lens.

18'7"

Green and brown beds of fine-grained, alternating
indurated and unindurated sandstone with scattered
Ophiomorpha. Unit becomes silty toward base. Small
Sphenodiscus occur in rare concretions 19 feet below
the top of unit and occasional bivalves occur sparsely
throughout. Base is a 6-inch thick, orange weathering,
mud-flake conglomerate with indurated sandstone matrix.

68'0"

2

Trail City Member(?)
1 Dark gray (10 YR 4/1) and brown (10 YR 4/2) silty,
sandy, (bentonitic?) shale with selenite crystals
exposed on outcrop. Unfossiliferous. Base covered.
Total Thickness

4'5"
195'2"

--------
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SECTION AT LOCALITY A478
Cent. W. edge section 15, T. 132 N., R. 75 W., ca.
8 miles ESE from Linton, Emmons Co., N. Dak.
Fox Hills Formation
Unit
6

Thickness
(feet and
inches)

Dark green, poorly sorted, subangular, indurated
fine to medium-grained sandstone approaching composition of a graywacke. Bedding poorly defined.
Contains some bivalves in living position.
Numerous silicified wood fragments present. Top
obscured by slump and soil cover. Lower contact
abrupt.

3'1"

Trail City Member (?)

5

4

3

2

Dark brown (10 YR 3/3) bentonitic clay shale with
"popcorn" weathering surface. Unit becomes gradationally more silty and sandy toward the top. No
fossils seen.

4'21t

Gray (10 YR 5/1) very fine-grained, thin bedded,
moderately indurated sandstone. Lower contact
abrupt.

1'3"

Jarosite with thin interbedded lenses of gray
(10 YR 5/1) very fine sandstone.

1'6"

Gray (10 YR 5/1) poorly indurated very fine grained
sandy siltstone. Weathers chocolate brown. The
fossiliferous with exception of a zone of nearly
round silt-jacketed concretions 2 to 3 feet in
diameter occurring 8 feet 6 inches above the base,
These contain a few ammonites. Lower contact
gradational.

11'4"
5"

1 Unindurated jarosite.
Total Thickness

21'9"
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